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The tra n s c r ip t io n  o f ON A c o n ta in in g  d i f f e r e n t  p ro p o rtio n s  o f 
BrdUrd was s tu d ie d , In  o rd e r to  e lu c id a te  the mechanism o f  S'Brem odeoxyurh 
(BrdUrd) In h ib i t io n  o f  c e l l  d i f f e r e n t ia t io n .  BrdUrd, an analogue o f 
th ym id in e , is  known to  je  inco rp o ra te d  In to  r e p lic a t in g  DMA o f  d iv id in g  
c e l ls .  A lthough e u c a ry o tic  c o l ls  con tinue d iv id in g  in  the presence o f 
low c o n ce n tra tio n s  o f  BrdUrd th e ir  d i f f e r e n t ia t io n  is  re v e rs ib ty  b locked .
I t  Is  proposed th a t d i f f e r e n t ia t io n ,  bu t no t c a l l  d iv is io n ,  is  dependent 
on the  presence o f po ly  (dT) sequences in  the DNA. These reg ions would 
become po iy(B rdU ) reg ions d u rin g  r e p lic a t io n  in  the presence o f BrdUTP.
Such areas may no t be e f f i c ie n t ly  tra n s c rib e d  by RNA polymerase. However, 
is o la te d  BrdUrd u n its  may n o t a f fe c t  RNA polymerase a c t io n .
An i n vl t  r o system was devised where the syn th e s is  o f  DNA by E. co l i 
(o r  M. ly s o d e ik tlc u s )  DNA polymerase was s u c c e s s fu lly  coupled to  the 
tra n s c r ip t io n  o f  the pro du c t DNA by E. c o l l  RNA polymerase in  the same
re a c tio n  tube , I .e .  DNAj-prlmers ------- > DNA1 ------- >  RNA where DMA,-primer
was e i th e r  the copolymer (dA-dT) o r  (dA-BrdU). The ONA product (DNA') 
o f  the f i r s t  re a c tio n  was po ly(dA -dT ) o r  poly(dA-BrdU ) o r  o re la te d  
polym er c o n ta in in g  va ry in g  p ro p o rtio n s  o f thym id ine and brom odeoxyurid ine. 
For the syn th e s is  o f  the I t t o r  copolymer the p y r im id in e  s u b s tra te  dTTP 
was decreased In  the DNA po lynvrasc r c . id io n  m ixcuros and rep laced by 
a corresponding Increase o f BrdUTP. The RNA product was always p o ly (A -U ) . 
DNA syn the s is  and RNA syn th e s is  were determ ined by measuring the 
In c o rp o ra tio n  o f '^C and la b e lle d  s u b s tra te  n u c le o tid e s  in to  ac id  
p re c lp l ta b le  m a te r ia l. The re s u lts  I l lu s t r a te d  th a t the magnitude o f  
RNA syn th e s is  Is  in v e rs e ly  p ro p o rtio n a l to  the BrdUrd In p u t In to  the
A bstract: (co n td .)
DMA syn th e s is  re a c tio n  and hence presumably to  the RNA syn the s is  
r e a c t io n . Experiments wore c a r r ie d  ou t which dem onstrated th a t any 
p o s s ib le  in te r fe re n c e  by the components o f  the DMA polymerase re a c tio n  
on the RNA polymerase re a c tio n  were n e g lig ib le .  The a b i l i t y  o f  the 
syn the s ize d  DNA to  prim e RNA polymerase appears th e re fo re  to  decrease 
as i t s  Brdllrd c o n ce n tra tio n  increases.
The BrdUTP req u ire d  fo r  the syn th e s is  o f DNA1 was synthes ized w ith  a 
y ie ld  o f  15• 5'?. by d i r e c t  b rom lnation  o f  dt/TP and subsequent p u r i F lca tio n  
by chromatography. I t  was demonstrated using a c a l f  thymus DNA 
polymerase assay system th a t BruUTP can rep la ce  dTTP in  the syn the s is  
o f  DNA w ith  an e f f ic ie n c y  around 90?’..
A b r ie f  s tu dy was made o f  the  unprimed syn th e s is  o f  po ly(dA -dT ) and 
po ly(dA-BrdU ) w ith  the in te n t io n  o f cou p lin g  the re a c tio n  to  a system 
o f t r a n s c r ip t io n .  However, unprimed syn the s is  o f  these polymers 
appeared to  bo quan tl t a t iv e ly  v a r ia b le  and in c o n s is te n t.
I t  was concluded th a t B rd llrd  does I n h ib i t  RNA syn the s is  In th is  
in  v it r o  system w h ile  DNA syn th e s is  Is  u n a ffe c te d . I t  is  suggested th a t 
a p o ss ib le  s i te  o f  a c t io n  o f B rd llrd  in h ib i t io n  o f  d i f f e r e n t ia t io n  is  
a t  the le v e l o f  RNA syn the s is  a t  c r i t i c a l  s i te s  a long " t genome and 
th a t these s ite s  co n ta in  o ilg o th ym ir fln o  residues o r  thym id ine  c lu s te rs .
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INTRODUCTION
1.1 P o lyn u c le o tid e  syn the s is
The DNA o f l i v in g  c e l ls  co n ta in s  the g e n e tic  In fo rm a tio n  which 
de fin e s  the  c h a ra c te r is t ic s  o f  the organism  .,nd i t s  progeny. These 
c h a ra c te r is t ic s  are b a s ic a l ly  re la te d  to  the p ro te in  type synthesized 
in d ir e c t ly  from a DNA tem plate v ia  i t s  messenger RNA.
T h u s ,( W  . T r a n s c r ip t io n ^  mR(jft . J r a n s la u on > p ro te in  ( Davidson 1972).
T h is  process encompasses syn the s is  o f  the DNA, t ra n s c r ip t io n  o f th is  
DNA to  a mRNA, which Is  then tra n s la te d  In to  p ro te in .
In the  process o f r e p lic a t io n  the DNA in  th e  c e l l  Is  re p lic a te d  
re s u lt in g  in  the p ro du c tion  o f  a doub le copy o f the g e n e tic  in fo rm a tio n  
each o f which Is  subsequently passed on to  a progeny c e l l  a t  the 
con c lus io n  o f m ito s is .  The process o f t r a n s c r ip t io n  In vo lves  the 
fo rm a tio n  o f mRNA, and o th e r RNA, on a DNA te m p la te . T h is  mRNA In  tu rn  
becomes the tem plate on which p ro te in s  are syn the s ize d . I t  Is  w id e ly  
he ld  th a t the  syn th e s is  o f  a s p e c if ic  group o f  p ro te in s  Is  ch a ra c te r­
i s t i c  o f  a p a r t ic u la r  s ta te  o f c e l l  d i f f e r e n t ia t io n .
The analogue o f th ym id in e , 5-b rom odcoxyurid lne , Is  Incorpo ra ted  
In to  the DNA o f d iv id in g  c e l ls .  In  the presence o f brom odeoxyurld lne 
c e l l  d i f f e r e n t ia t io n  has been shown to  be b locked In a number o f 
e u c a ry o tic  systems, w ith  subsequent in h ib i t io n  o f  s yn the s is  o f  s p e c if ic  
p ro te in s  o f  the d i f f e r e n t ia t in g  system (W ilt  and Anderson, 1972).
d i f f e r e n t ia t io n ,  bu t no t c e l l  d iv is io n ,  is  in  some way 
'  ,, t  on the presence o f  sm ell c lu s te rs  o f  th ym id in e  then these
sequences o f th ym id in e  would become dense reg ions o f brom odeoxyurld ine 
a f te r  analogue s u b s t i tu t io n  du rin g  DNA sy n th e s is . Such bromodeoxy- 
u r id ln e  r ic h  areas o f  the DNA may c rea te  a " s t e r ic  h in d ran ce" fo r  the 
tra n s c r ib in g  FNA polymerase and thus derange t r a n s c r ip t io n  o f  RNA.
T h is  th e s is  se t ou t to  examine the p la u s ib i l i t y  o f  the la t t e r  h y p o th e s is .
An in  v i t r o  system o f p o ly n u c le o tid e  syn th e s is  Is  used in  th is  work 
to  te s t th is  h yp o the s is . The system uses DNA polymerase I  to  syn the s ize  
DNA, fo llo w e d  by RNA tra n s c r ip t io n  o f the DNA product in to  RNA by RNA 
polymerase. T h is  DNA product o f  the i n i t i a l  re a c tio n  w i l l  co n ta in  
d i f f e r e n t  p ,o p o rtIo n s  o f urom odeoxyurid ine depending on the r e la t iv e  
c o n ce n tra tio n s  o f  p re cu rso r nu c leos ide  5 '- t r ip h o s p h a te s  (S ec tio n  b . j ) .
In  th is  way the t r a n s c r ip t io n a l e f f ic ie n c y  o f DNA, c o n ta in in g  inc rea s ing  
amounts o f  Brom odeoxyurid ine, can be measured.
1.1 .1  DNA and RNA -  th e ir  ba s ic  s tru c tu re
DNA Is  a h ig h  m o lecu la r w e igh t polymer o f  deoxyrIbonucteos1d e -5 ' -  
monophosphate u n its .  These u n its  c o n s is t o f  a deoxyrlbose sugar, 
p hosphoric  a c id  group anti e i th e r  a p u rin e  o r  p y r im id in e  base. The bases 
which most commonly occur In DNA are the p y r im id in e  bases c y to s in e  and 
thymine and the p u rin e  bases adenine and guan ine . The DNA m olecu le 
u s u a lly  c o n s is ts  o f  two p o ly n u c le o tid e  s tran ds  o f  complementary s tru c tu re  
(except in  some v iru s e s , Davidson, 1972). The two s tra n d s , w hich arc  o f 
op po s ite  p o la r i t y ,  ore held to ge the r by hydrogen bonds between p a irs  o f 
complementary p u rin e  and p y r im id in e  bases. Adenine i „  .ways bonded to  
thymine and guanine to  c y to s in e  (Watson 6 C ric k  1953 a and b ) . A diagram ­
m atic re p re se n ta tio n  o f the s tru c tu re  o f DNA Is  shown in  F ig , I and the 
s t r u c tu r a l and H-bonding r e la t io n s h ip s  o f  the bases Is  shown In  F ig . 2.
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In  RNA, as opposed to  DMA, the sugar m oe ity  is  o f  the r ib o se  form 
and thymine Is  rep laced by the c lo s e ly  re la te d  p y r im id in e  u r a c i l ,  which 
s im i la r ly  p a irs  w ith  adenine (Davidson, t9 6 y ) • However, u n lik e  DNA,
I t  e x is ts  as s in g le  p o ly n u c le o tid e  s tra n d s . The s tru c tu re s  o f  the 
r ib o se  sugar and u ra c il  are shown in  F ig . 3.
Due to  i t s  base sequence and com plem entarity DNA may serve as a 
te m p la te , I . e .  p r im er d u rin g  the processes o f  re p lic a t io n  and t r a n s c r ip t io n .  
Thus DNA p r im e r, as a s in g le  o r  double stranded DNA m olecu le o r  po Iydeoxy- 
n u c le o tid e , is  req u ired  In the syn the s is  o f  new s trands o f  DNA o r  RNA 
{except in  unprimed s y n th e s is , S ection  1 .5 ) .  The nu c le o tid e s  o f  the  new 
ONA o r  RNA a re  a lig n e d  by complementary b a s e -p a ir in g  w ith  those in  the  p re ­
e x is t in g  s tra n d s . T h e re fo re , the na tu re  and sequence o f  the nu c le o tid e s  
In the new s tran d are de term ined by those In the p rim er DNA (S m e llie , 1965). 
Bessman (1963) and Hurwi tz  e t  a l ■ (1961) showed th a t the base ra t io s  in  a 
v a r ie t y  o f  DNA and RNA pro du c ts  re s p e c tiv e ly  were ve ry  s im ila r  to  the base 
ra t io s  o f th e ir  re s p e c tiv e  p rim ers .
? .1 .2  DMA polymerase and DNA r e p lic a t io n  
DNA polymerase, an enzyme resp on s ib le  fo r  DNA syn the s is  has been 
is o la te d  and p u r l f le d  from a v n r l r  lami'iul Ian sys te ns . These Inc lude
a s c ite s  tumour c e l ls ,  normal and ,ig ra t  l i v e r ,  several hcpatomes,
c a l f  thymus, mouse leukoemlc c e i ls ,  . .  u rch in  embryos and KB human c e l ls  
(Davidson 1972, and G oullon 1971). However, even the most h ig h ly  p u r if ie d  
samples o f  s o lu b le  mammal ion  DNA polymerases (Greene and Korn 1970) have 
no t been as e x te n s iv e ly  p u r i f ie d  as those o f  m icroorganism s.
I t  has been shown th o t the prim ary  i n v iv o  ro le  o f the most h ig h ly  
p u r if ie d  b a c te r ia l DNA polymerase, o the rw ise  known os the Kornberg enzyme 
o r DNA polymerase I ,  is  no t r e p lic a t iv e  syn the s is  bu t one o f re p a ir  
syn th e s is  (Becker 6 H u rw ltz , 1971). Kornberg and G e fte r (1 9 7 0  and 
G e fte r e t  a l . (19 70  have dem onstrated the ex is te n ce  o f membrane
Fart o f  the p o ly n u c le o tid e  
cha in In DMA {Davidson 1969) .
Hydrogen bonding o f  adenine to  thymine
(sugar
sugar)
Hydrogen bonding o f  guanine to  cy to s im
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F igu re  2 . The p a ir in g  o f  adenine and thymine,
and o f guanine and c y to s in e . (Dossman 1963)
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F igu re  3 . The s tru c tu re s  o f  U ra c il and 
r lb o s c . (Wntson 19&5)
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asso c ia te d  rep  I leases, namely DNA polymerase I I  and I I I ,  w hich are 
more l i k e l y  to  be re sp o n s ib le  fo r  In  v iv o  DNA s y n th e s is . S o lu b le  DNA 
polymerase I  i s re a d ! ly  ava 11 ab le fo r  In v i t r o  s tu d ie s  o f  DNA re p lIc a t io n  
and has been used by numerous w orkers .
For most o f  th is  s tudy the e a s i ly  o b ta in a b le  and p u r if ie d  b a c te r ia l 
enzymes have been used. DNA polymerase has been is o la te d  from  m ic ro ­
organisms s ince  1956 when the enzyme from  E sch e rich ia  co l I was f i r s t  
e x tra c te d  by Kornberg e t a l . (1956). An In  v i t r o  system was devised by 
these w orkers to  s tudy the syn the s is  o f  DNA (Lehman e t a l ■ 1958). I t  has 
been shown th a t the In cub a tio n  requirem ents fo r  DNA syn th e s is  a re  b a s ic ­
a l ly  the same reg a rd le ss  o f the source o f  the enzyme. These requirem ents 
w hich are con ta ined In a b u ffe re d  s o lu t io n  are  o u t l in e d  In  the  fo rm ula 
shown in  F igu re  L ( a ) .
The DNA polymerase I  used in  these s tu d ie s  has been p u r i f ie d  several 
thousand Fold from M icrococcus 1yso d e ik tic u s  (Zimmerman 1966) and 
E. co l I (R ichardson e t  a l . 1964). These p re p a ra tio n s  are homogeneous by 
c r i t e r ia  o f  sed im enta tion  chromatography and s ta rch  get e le c tro p h o re s is . 
However, even the most h ig h ly  p u r if ie d  p re p a ra tio n s  s t i l l  co n ta in  exo­
nuclease 11, an a c t iv i t y  which appears to  be an I n t r in s ic  p a r t  o f  the 
mo I ecu I . . . As M il nucW-asi- e x h ib its  I t s  o p tim a l a c t iv i t y  a t  pH 9.0 and 
hyd ro lyses DNA a t a slow ro te  In the n e u tra l range In which polymerase 
a c t iv i t y  is  o p tim a l, I t s  a c t iv i t y  Is  n e g l ig ib le  In In  v l t r o  s tu d ies  
(R ichardson e t  a l . 1964). Exonuclease appears to  be an e s s e n t ia l 
p ro p e rty  o f  a l t  DNA s y n th e s iz in g  enzymes s ince  p u r i f ie d  Bad 1lu s  s u b t i1 Is 
DNA polymerase shows no s ig n i f ic a n t  exonuclcase a c t iv i t y  In  v l t r o  
(Okazaki and Kornberg 1964).
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1 .1 .3  RNA polymerase and tr a n s c r ip t io n  
DMA-dependent RNA polymerase, the enzyme o f  t r a n s c r ip t io n ,  has 
been is o la te d  from seve ra l sources s ince  I960 . These are ra t  l i v e r  
n u c le i {Weis and G ladstone, 1959), mouse a s c ite s  tumours (S m e llie , 1965), 
E. co l i (Hurwi tz  1961), and M. ly s o d e ik t ic u s  (Nakamoto e t a l . 196*0.
As In  the case o f  DMA polymerase, the most h ig h ly  p u r if ie d  p re p a ra tio n s
have • -p from b a c te r ia l sources.
7>. • i ra u tc r - s l . ic s  o f  m aim alian  RNA po lym erate e x tra c te d  and 
p u r if ie d  fiom  ra t  1 Iv o r  n u c le i appears to  be e s s e n t ia l ly  the same as th a t 
o f  the enzyme is o la te d  from b a c te r ia l species in  most o f  i t s  ba s ic  
p ro p e rt ie s , in  in  v i t r o  syn th e s is , f t  has an a b so lu te  requirem ent fo r  a 
DNA-printer which de term ines the o v e ra l l  base com position  and sequence o f 
the RNA,the fo u r  r lb o n u c le o s ld e  5 '- t r !p h o s p h a te s  ATP, GTP, CTP and UTP, 
and a d iv a le n t c a t io n , p re fe ra b ly  Mn2+ which can o n ly  in  p a r t be rep laced 
bv Mg21", and an optimum a c t iv i t y  a t  pH 7 .9 . Heat denatured DMA is  tra n s ­
c r ib e d  more e f f i c ie n t ly ,  suggesting  th a t the enzyme lacks a fa c to r  respons­
ib le  fo r  e f f i c ie n t  u l 1t iz a t io n  o f h e l ic a l DNA ( S e lfa r t  1970). However,
l i t t l e  is  known about the subun it s tru c tu re  o f  mammalian enzyme whereas
th a t o f  E. co l I has been we 11 c h a ra c te rise d  (Burgess 1971)•
In th is  in v e s t ig a t io n  E. c o l i  RNA polymerase was used fo r  a l l  tra n ­
s c r ip t io n  s tu d ie s . The E. c o l l  RNA polymerase m olecules as described 
by Burgess c t  o l . (1969) and Burgess (1971 ). Is  a m u lt l- s u b u n lt  enzyme 
made up o f the fo llo w in g  po lyp e p tid e  ch a in s , one P1 su b u n it, one R su b u n it, 
two a subun it:, and n sIgma (») s u b u n it. This holoenzymc can be separated 
In to  two fu n c tio n a l p a r ts ;  a core enzyme (h R B ' ) ,  which can syn the s ize  
RNA but lacks the a b i l i t y  to  s p e c i f ic a l ly  I n i t ia t e  s y n th e s is , and a 
sigma fa c to r  (o) which ac ts  c a ia ly t lc o l ly  l j  a llo w  the  e f f i c ie n t  i n i t i a t i o n  
o f  RNA syn th e s is  a t  s p e c if ic  s i te s ,  Po ly(dA-dT) can be read In  absence
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o f  o fa c to r  (Berg e (  a l . 1971). In a d d it io n  to  the sigma fa c to r  there 
are o th e r tr a n s c r ip t io n  fa c to rs  which have a pronounced e f fe c t  on the 
tr a n s c r ip t io n  re a c t io n , bu t as they do no t b ind t i g h t l y  to  the  core 
enzyme they are  lo s t  du rin g  p u r i f ic a t io n .  The absence o f  necessary 
fa c to rs  c rea tps  d i f f i c u l t i e s  in  the  e v a lu a tio n  o f the  mechanism o f  j_n_ 
v 1vo t r a n s c r ip t io n  as compared to  the  In  v i t r o  re a c tio n .
These d i f f i c u l t i e s  a re  p r in c ip a l ly  Invo lved in  the  c o r re c t In v ivo  
I n i t ia t i o n  and te rm in a tio n  events . For example, us ing  pha^e A DNA as 
prim er in  such an In  v l t ro  system to ge the r w ith  RNA polymerase ho lo - 
enzyme, re s u lts  In the syn th e s is  o f  heterogeneous RNA q u ite  u n lik e  
phage s p e c if ic  RNA synthes ized in  phage In fe c te d  c e l ls .  However, the 
a d d it io n  o f  rho fa c to r ,  which Is  re sp o n s ib le  fo r  c o r re c t cha in  te rm in ­
a t io n ,  re s u lts  in  the  syn th e s is  o n ly  o f  the two phage s p e c if ic  RNA 
species found in  v iv o  (Davidson 1972). A lso  In In  v i t r o , E. co l 1 
RNA polymerase tra n s c rib e s  doub le h e l ic a l ONA prim er asym m etrica lly  
w hich appears to  be c h a r a c te r is t ic  o f  t r a n s c r ip t io n  in  v iv o  (Burgess 
e t a l . 1969).
The general rn .icL ion  fo r  RNA syn th e s is  In v i t ro  may be represented 
by the fo rm ula shown In F igu re  M b ) .  I t  can be seen th a t the genera’ 
re a c tio n  is  s im ila r  to  th a t o f  ONA syn the s is  as o u t l in e d  in  F igu re  4 (a ) .
F igu re  4 In v i t r o  re a c tio n s  o f (a) DMA r e p lic a t io n  and 
(b) t ra n s c r ip t io n
(a) ONA + n dATP 
(prim e r) ,1 dTTP 
n dGTF
(b) DNA
(p rim e r)
DNA + W n)PPt
RNA + 4 (n)PPI
l.icu b a tlo n  is  general !y  a t  37°C
1.2 BromodcoxyurId i ne
1.2 .1  The s tru c tu re  o f  bronicxlcoxyurld ine and I l.s 
in c o rp o ra tio n  in to  ONA 
BrdUrd Is  an analogue o f  thym id ine  which when inco rp o ra te d  in to  
the  DNA p e rm its  the c o n tin u a t io n  o f ONA s y n th e s is . I t  can e n te r  the 
DNA p re cu rso r pool o f  organism s and c e l ls  d iv id in g  In  c u ltu r e ,  a f te r  
con vers ion  to  the n u c le o tid e  form by thym id ine  k inase and o th e r
k inases a long the th y m id y lIc  ac id  pathway (SzybaJsk l, 1962). The
BrdUrd m olecule In co rpo ra te d  in to  the  DNA may be represented by the 
model shown in  F ig . 5 ( a ) .
In  BrdUrd the m ethyl group o f the 5 carbon p o s it io n  o f the 
p y r im id in e  r in g  Is  rep laced by bromine. Hanawalt (1967), suggested 
th a t the  ease o f  in c o rp o ra tio n  o f BrdUrd In to  the DNA Is  probably 
r e f le c te d  In the s im i la r i t y  between the van de Waais r a d ii  o f  the 
two groups as shown In  F ig . 5 (b ) . However, the g re a te r  e le c t r o ­
n e g a t iv i ty  o f  th e  Br atom a l te r s  the e le c tro n  d is t r ib u t io n  o f  the 
p y r im id in e  r in g .  T h is  may g ive  r is e  to  the convers ion  o f  the 
p y r im id in e  r in g  from i t s  normal ke to  s ta te  to  the enol s ta te  which 
In  tu rn  re s u lts  in  a p a ir in g  w ith  guanine Instead o f adenine (Hanawalt, 
1967)• T h is  has boon shown In  b a c te ria  to  r e s u lt  In  an Increase in  the
m uta tion  ra te  (Freese 1963). However, T ra u tn c r e t a l . (1962) demon­
s tra te d  th a t the In c o rp o ra tio n  o f  guanine Instead o f  adenine o n ly  
occu rred  a t a frequency o f one per 2,000 to  25,000 nu c le o tid e s  p o ly ­
m erized . In c o rp o ra tio n  o f the halogen In to  the DNA o f  phages, 
b a c te ria  and human c e l ls  grown in  v l t r o , re s u lts  In a s e n s it iz a t io n  
to  r a d ia t io n  and l ig h t  (S z y b a ls k i, 1962).
A lthough ha log on atlo n  o f  DNA a llo w s  con tinued c e l l  m u l t ip l ic a t io n  
the  physicochem ical p ro p e rtie s  o f the m olecu le are a lte re d . Sub­
s t i t u t i o n  o f  bromine fo r  the m ethyl group o f  thymine e f fe c ts  the
s t a b i l i t y  oF the copolym er (<IA-BvdU) bo th In r e la t io n  to  pH and 
tem pera ture . I t  a ls o  r e s u lts  in  an increase in  the d e n s ity  oF the 
DMA. Inman and Baldw in (1962) showed th a t h a log en a tio n  o f  the m olecule 
re s u lts  In an increased m e ltin g  tem perature (Tm) . The d if fe re n c e  in  
Tm observed between normal ana B rdU rd -lab e l led ONA was accentuated in  
the  case o f the (dA-BrdU) copolym er as compared to  the (dA-dT) copoly., - r . 
As described by Inman and Baldw in (19&2), th is  increase in  Tm may 
p o s s ib ly  he exp la in ed by a ne t increase in  hydrogen bond s tre n g th , 
re su m in g  From the in d u c tiv e  e f fe c t  o f  bromine in  w ithd ra w in g  e le c tro n s  
from  the p y rim id in e  r in g .  The hydrogen bond In v o lv in g  the 6 Keto 
group o f BrdUrd should be weakened w h ile  the one in v o lv in g  the N-1 
should be s trengthened (Inman and Baldw in 1962) . Thus a requirem en t fo r  
an increase In  energy to  unwind the DMA h e l ix  cou ld  p o s s ib ly  r e s u lt  and 
so in te r fe r e  w ith  the c a t a ly t ic  Function o f the polymerase enzymes.
1 .2 .2  The e f fe c t  o f  b rom odeoxyuridlne on He La c o l l s .
I t  has been suggested th a t the in h ib i to ry  a t t io n  o f  BrdUrd on
d i f f e r e n t ia t io n  Is a r e s u lt  oF i t s  in c o rp o ra tio n  in to  the DMA (see
S e c tion  I ) .  S tud ies o f  BrdUrd a c t io n  on the in h ib i t io n  o f He La c e l l  
t*-
growth a f fo rd s  a p o s s ib le  c lu e  to  the s Ig k t  o f  BrdUrd a c t io n  a t th is  
le v e l.  He La c e l ls  are a tis s u e  c u ltu re  l in e  o f human carcinoma o f 
the c e rv ix .  They are one o f  the f i r s t  e u ca ryo tIc  systems used fo r  the 
s tudy o f  the e f fe c ts  o f  thym id ine  replacem ent by BrdUrd (Hakala 1959, 
E ld in o f f  e t a l . 1959, Chcong e t a l . i96 0 , and L i t t l e f i e l d  and Gould 
i9 6 0 ).
When BrdUrd is  inco rp o ra ted  In to  the ONA o f He La c e l ts  in  p lace 
o f  th ym id in e , th e re  Is  l i t t l e  e f fe c t  on the f i r s t  r e p lic a t io n  cy c le  o f 
the c e l ls .  The second cy c le  Is  In h ib ite d  to  a degree dependent on the 
c o n ce n tra tio n  o f BrdUrd employed In  the c u ltu re  medium. A t le a s t one 
c e l l  d iv is io n  must take p lace be fo re  c e l l  growth Is  a f fe c te d . i t  a lso  
appears th a t BrdUrd Is  to x ic  to  c e l ls  bu t th is  Is  dependent on the
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E le c t ro s ta t ic
re p u ls io n
5-Brom ouraciI
Adenine
F igu re  5 (a ) S te r ic  re la t io n s h ip  between 5-bromo- 
d e oxyu rld lne  and the phosphate groups 
in  the DNA m olecu le , and the adenlne- 
5-b rom ourac iI d e oxyn ud eo tide  p a ir  
(from  S z y b a ls k l, i9 6 2 ).
I deoxythym ld ii
''M "
I
„ A / 0 '
I II 5- bromodeoxyurld I
F igu re  5(b) ■ Chemical s tru c tu re  o f  deoxythym idine 
and 5 -brom odeoxyurid ine.
C irc le s  rep re sen t the van d c r Waais r a d ii  
o f  the atoms o r  groups occupying p o s it io n  5-
co n c e n tra t io n  o f  BrdUrd used. Simon (1963) found th a t in  the presence 
o f  20 pg/m l BrdUrd th e  f i r s t  d iv is io n  o f  He La c e l ls  was not de layed. 
Subsequent d iv is io n s  were however, de layed. Only a small p ro p o rtio n  
o f  the c e l ls  capable o f growing in  the presence o f BrdUrd (bu t co n ta in in g  
BrdUrd in  th e i r  DNA) arose. These c e l ls  grow more s lo w ly  than normal 
ones. A t c o n ce n tra tio n s  up to  80 ng/ml most o f  the c e l ls  can d iv id e  
once and many undergo a second d iv is io n .  A t c o n ce n tra tio n s  below 
20 ng/m l an In c re as in g  p ro p o rtio n  can adapt to  the  analogue and d iv id e  
in d e f in i t e ly .  K a jiw a ra  and M u e lle r (1964) used 2 .5 , 5 .0  and 10 ng/ml 
o f  BrdUrd. They Found th a t the ra t io s  o f  the g e n e ra tio n  tim e fo r  the 
B rdU rd -trea te d  c u ltu re s  to  th e  c o n tro l c u ltu re s  between the  f i r s t  and 
th ir d  days were 1.1A , 1.62 and 2 . A0 , re s p e c tiv e ly .
T o l iv e r  and Simon (1967) dem onstrated th a t the  BrdUrd e f fe c t  was 
r e v e rs ib le  when Brdll-d was removed from the  system. T h is  suggests th a t 
i t  fs no t mutagenic fn n a tu re . They found ehae the S rd U rd -to le ra n t 
He La c e l ls  grew In d e f in i te ly  bu t a t a slow er ra te  due to  an increase in 
the S pe rio d  o f  th e ir  c e l l  c y c le . When tra n s fe rre d  to  a BrdUrd fre e  
medium the c e l ls  re tu rn ed  to  a normal growth ro te . B e rkow ltz  e t  a l ■ 
(1968) I l lu s t r a te d  th a t a lthough c e l ls  tre a te d  w ith  BrdUrd + FdUrd 
(which in h ib i t s  endogenous th ym id in e  syn th e s is ) can o n ly  d iv id e  once, 
th e ir  DNA does r e p lic a te  a t le a s t tw ice  to  p o s s ib ly  fo u r  cyc les  o f 
r e p lic a t io n .  Simon (1963) found th a t BrdUrd + FdUrd tre a te d  c e l ls  
In corpo ra ted  o n ly  s l ig h t ly  more BrdUrd than c e l ls  grown In  BrdUrd 
a lo ne . Accord ing to  T o l iv e r  e t a 1• (1968) th is  s l ig h t  d if fe re n c e  In 
In c o rp o ra tio n  appeared to  bo Im portan t s ince  I t  was p a ra l le l le d  by the 
in a b i l i t y  o f the  c e l ls  to  d iv id e .  These- r e s u lts  suggested th a t th e re  
was a small F ra c tio n  o f  s i te s  on the DNA m olecu le w ith  an ab so lu te  
requirem ent For thym ine. Under c o n d it io n s  where a sm all amount o f  
th ym id in e  competes w ith  a g re a t deal o f  BrdUrd fo r  In c o rp o ra tio n  In to
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the DNA, Simon (1963) found the thym id ine  un usu a lly  e f fe c t iv e  In 
re p la c in g  the BrdDrd In a He La c e l l  system.
T o l iv e r  et__aj_. (1968) hyd ro lysed DMA from BrdUrd end Fdllrd 
tre a te d  He La c e l ls  to  p y r im id in e  o lig o n u c le o t id e s , and separa ted the 
o lig o n u c le o tid e s  c h ro m a to g ra p h ica lly . An unexpected ra d io a c t iv e  peak 
appeared between the d l -  and t r in u c le o t id e  peaks in  the p y r im id in e  
o lig o n u c le o t id e  p r o f i le  o f  DNA from c e l ls  grown fo r  more than one 
ge ne ra tio n  In BrdUrd a lo ne , bu t no t from  c o n tro l He La c e l ls ,  A lthough 
they do no t re so lve  the b io lo g ic a l s ig n if ic a n c e  o f  th is  peak, these 
au th o rs  suggest th a t the peak m a te ria l m ight be assoc ia ted  w ith  the 
c o n tro l o f  e ith e r  DNA syn the s is  o r  c e l l  d iv is io n ,  o r  w ith  bo th processes. 
T a y lo r  (1966) suggested th a t the i n i t i a t i o n  reg io n  o f  re p lIco n s  is  
composed o f  DNA r ic h  In dA-dT p a irs  in  which most o f  the dA Is In  one 
s tran d  and th e  dT is  In  the  complementary s tra n d . T h is  in te r p r e ta t io n  
was based on the  re s u lts  o f  s tu d ie s  o f brcm odeoxyurid lne s u b s t i tu t io n  
in  V id a  faba bean ro o ts  grown In  s o lu tio n s  c o n ta in in g  the analogue 
(Haut and T a y lo r 19&7).
Thus th e re  Is  p re lim in a ry  evidence th a t the ex is te nce  o f thym id ine 
c lu s te rs  may p la y  on Im portan t ro le  In e x p la in in g  how BrdUrd In h ib its  
d iv is io n .  Furtherm ore i f  d iv is io n  is  coupled to  d i f f e r e n t ia t io n ,  then 
BrdUrd would in  tu rn  b lo ck  d i f f e r e n t ia t io n .  I t  Is  p a r t ly  from th is  
ob se rva tion  th a t the proposal fo r  th is  In v e s t ig a t io n  was fo rm u la ted .
1 .2 .3  The e f fe c i o f  brom odeoxyurld lnc on d i f f e r e n t ia t io n  
In  th e i r  rev iew , W il l  and Anderson (1972 ), c l t c  numerous experim ental 
ob se rva tion s  which show th a t when BrdUrd Is In corpo ra te d  In to  the DNA o f  
d iv id in g  e u c a ry o tlc  c e l ls ,  c e l l  m u lt ip l ic a t io n  con tinu es but the 
d i f f e r e n t ia t io n  o f these c e l ls  is  b lo cke d . In a l l  these s tu d ie s  th is  
in h ib i t io n  was found to  be re v e rs ib le .  When the c e l ls  were re m o ""»
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From the B rdtlrd and a llow ed to  grow recovery  o f d i f f e r e n t ia t io n  took 
p la ce . T h is  Is  evidence th a t the  e f fe c t  o f  BrdUrd is  no t m utagenic
A lthough fo r  phages and b a c te r ia  BrdUrd is  a po te n t mutac n , the 
mutagenic e f fe c t  is  a ra re  occu rrence . For example Freese (1959) 
produced 1% phage m utants in  the  presence o f r 0pg/ml o f  BrdUrd.
As the In h ib l to r y  e f fe c t  o f BrdUrd on the d i f f e r e n t ia t io n  o f developing 
c e l ls  Is  v i r t u a l l y  100% and r e v e rs ib le  M lura and W 1It(1971) and Mayne 
e t a i . (1971) conclude th a t the  e f fe c t  o f  BrdUrd Is  no t a re s u lt  o f 
m u ta tio n . T h is  r e v e r s ib i l i t y  o f  the QrdUrd b lo ck  has been demonstrated 
In numerous systems such as m yoblasts (S to ckda le  e t a l 1964) chrond rocytes 
(A bbott and H o ltz e r  1968a), TAT syn the s is  in  ra t  hepatoma ce l is  
(S te llw agen and Tomkins 1971a) and, e xo crin e  pancreas c e l ls  (W alther 
e t  a l . 1974).
S tah l e t a l . (1961) showed th a t when BrdUrd tre a te d  b a c te r ia  were 
exposed to  near v is ib le  l i g h t ,  th ere  was an Increase in  the a b i l i t y  o f  
BrdUrd to  cause muLagen . '- Is .  T h is  does no t appear to  be the case in 
ra t  hepatoma c e l ls  whore Ste llw agen and Tomkins (1971a) have shown th a t 
m aintenance o f these c e l ls  in  the dark had no e f fe c t  on the In h ib i t io n  
o f c e l l  s p e c if ic  p ro te in s  by BrdUrd. I t  has th e re fo re  been concluded 
th a t the In h ib i to r y  e f fe c t  o f  BrdUrd Is  no t a re s u lt  o f  m utagenesis.
The e f fe c t  o f  BrdUrd on ce l I c/f fP cc e n tfa tlo n  does no t appear to  be 
re la te d  to  i t s  e f fe c t  on the c e l ls .  T o x ic i ty  due to  BrdUrd appears to  
be apparent o n ly  a t h ig h  con cen tra tio ns  (above 20 |ig/m1) o f  BrdUrd in  
the c u ltu re  medium. The t o x ic i t y  o f  BrdUrd in  c u ltu re d  c e l l  l in e s , 
such as He La c e l ls ,  was o u tlin e d  In  the pre v io us  s e c t io n . W ith 
myogenic c e l ls  (B ls h o ff  and H o ltze r  1970) and chondrocytes (Lasher and 
Calm 1969) th e re  Is  d e f in i te  growth In h ib i t io n  a t h ig h  con ce n tra tio n s
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o f  SrdUrd. However o i low c o n c i'i i tra lio h s  (3 l in /» i l) . whofe c e l l  p ro du c tion  
is  no t in te r fe re d  w ith ,  c e l l  d i f f e r e n t ia t io n  is  in h ib ite d .  Thus i t  must 
be emphasized th a t the to x ic  e f fe c ts  observed a t  h igh c o n ce n tra tio n s  o f 
BrdUrd are no t re sp o n s ib le  fo r  the in h ib i t io n  o f d i f f e r e n t ia t io n  o f 
these c e l ls .
Examples are  g ive n below to  i l lu s t r a t e  in  more d e ta f i  the va riou s  
aspects o f  the In h ib i to r y  a c t io n  o f  BrdUrd on d i f f e r e n t ia t io n ,  
i . Myoqenesis
As an in tro d u c t io n  to  the  phenomenon o f  BrdUrd in h ib i t io n  o f 
d i f f e r e n t ia t io n  th e  e f fe c t  o f  BrdUrd on MyogenesIs is  presented In 
d e ta i1. T h is  was one o f the f i r s t  systems in  which the e f fe c t  o f 
BrdUrd was w e ll d e fin e d ,
S tockda le  e t  a l . (1964) and B fs c h o ff and H o)tze r (1970) c u ltu re d  
presum ptive m yob lasts from ch ic k  m uscle. These r e p lic a t in g  c e i ls  
s top d iv id in g  by the  fo u r th  o r  f i f t h  day and g ive  r is e  to  p o s tm ito t ic  
mononucleated m yob lasts . These c e l ls  s yn the s ize  myosin and a c t in  
and fu se  w ith  o th e r myogenic c e l ls  to  fo rm  m u ltin u c le a te d  myotubes.
I f  myogenic c e l ls  are exposed to  BrdUrd d u rin g  th e ir  d iv is io n  stages they 
do no t d i f f e r e n t ia t e  In to  muscle c e l ls .  Instead o f fu s in g  the c e l ls  
move away from  each o th e r and i t  has no t been p o s s ib le  to  dem onstrate 
the  fo rm a tio n  o f c o n tr a c t ile  p ro te in .  S tockdo lc  c l  a l . (1964) using 
caesium c h lo r id e , d e n s ity  g ra d ie n t c e n t r i fu g a t io n ,  dem onstrated th a t 
BrdUrd is  In co rpo ra te d  in to  the DNA. fu rth e rm o re , i t  was shown th a t 
the  in h ib i t io n  o f d i f f e r e n t ia t io n  was no t due to  on in h ib i t io n  o f DNA 
syn th e s is  (Stocfcda/e c t  a t . 1964). i f  c e l ls  a rc  exposed to  BrdUrd 
a f te r  d iv is io n  ceases the c e l ls  are un a ffec ted  and d i f f e r e n t ia t io n  
proceeds. Thus BrdUrd can on ly  I n h ib i t  p r o l i fe r a t in g  c o l ls  from 
d i f f e r e n t ia t in g ,  and v i r t u a l l y  a l l  these c e l ls  in co rp o ra te  BrdUrd 
In to  th e ir  DNA (Coleman e t a l ■ 1969). However the brom ourac l1 need
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not be inco rp o ra ted  in to  bo th s trands o f the DNA h e l ix  to  cause 
In h ib i t io n  oF d i f f e r e n t ia t io n ,  as daughter c e i ls  w ith  b rom ourac i1 in  on ly  
one s tran d  do not d i f f e r e n t ia t e  (B is c h o ff and H o itze r  1970).
More s p e c i f ic a l ly ,  BrdUrd appears to  repress p ro te in  syn th e s is  which 
is  s p e c if ic  to  and c h e r a c te r is t ic  o f  the p a r t ic u la r  type n f  c y to d l f fe r e n t-  
ia t io n .  For example, Coleman and Coleman (1968) examined the  e f fe c t  o f  
BrdUrd on myosin s y n th e s is . In Che normal un trea te d  cel Is  a f te r  the 
p e rio d  o f c e l l  fu s io n  myosin Increases p r e fe r e n t ia l ly  w ith  resp ec t to  the 
increase o f  to ta l  p ro te in .  In BrdUrd In h ib ite d  c u ltu re s  no myosin was
I t  has been mentioned (page 17) th a t the  in h ib i to r y  e f fe c t  o f  BrdUrd 
on many d i f f e r e n t ia t in g  systems is  no t permanent and can be reve rse d . I t  
can a lso  be s p e c i f ic a l ly  and c o m p e tit iv e ly  In h ib ite d  by th ym id in e . C e lls  
c u ltu re d  in  BrdUrd and in  an excess o f thym id ine  are In d is tin g u is h a b le  
from  un trea te d  c e l ls  (S tockda le  e t a l . 1964). 5~F IuorodeoxyurId Ine
(FdUrd) In h ib i t s  the  enzyme th ym ld y la te  synthe tase and th e re fo re  In h ib i ts  
DNA syn the s is  when endogenous thym id ine Is used up. This in h ib i t io n  by 
FdUrd may be prevented by adding BrdUrd o r  th ym id in e  exogenously. This 
Is  add 11Iona i evidence th a t BrdUrd can rep la ce  thym id ine  In  I ts  
In c o rp o ra tio n  d u rin g  DNA syn the s is  (B is c h o ff and H o itz e r ,  1970).
In  a d d it io n , Coleman e t a l ■ (1969) and B is c h o ff and H o itz e r  (1970) 
showed th a t o th e r ha logenatcd d e r iv a t iv e s  such as 5 -ch lo ro d e o xyu rId in e  
and 5-lod od eo xyu rld In e  cou ld mim ic the e f fe c t  o f  BrdUrd in  b lo ck in g  the 
d i f f e r e n t lo n  o f m yob lasts . Those are a lso  analogues o f  TdR, which are  
known to  e n te r  DNA s p e c i f ic a l ly  as tl,,,n ine  replacem ents and as such 
m im ic the e f fe c t  o f  tirdU rd. This lends fu r th e r  evidence fo r  DNA as the 
p o s s ib le  s i te  o f  BrdUrd a c t io n .
To summarise, Myogenesis is  a system In which DMA syn the s is  and 
d iv is io n  stops be fo re  d i f f e r e n t ia t io n  beg ins. (B fs c h o ff S H oltze.r 1970). 
From the s tu d ie s  o f BrdUrd in h ib i t io n  i t  appears th a t the c o l ls  are 
p a r t i a l l y  determ ined p r io r  to  the te rm in a l d lv ls io n  which precedes 
h is to lo g ic a l express ion  o f d i f f e r e n t ia t io n .
11 E ry th ro p o le s is
The e f fe c t  o f  BrdUrd In h ib i t io n  has been s tu d ied  in  an embryonic 
e ry th ro p o ie t ic  system. Here heomoglobin (Mb) Is  formed w h ile  c e l l  
d iv is io n  con tin u e s , T h is  is  In c o n tra s t to  myogenesis where c e l l  
d iv is io n  s tops p r io r  to  d i f f e r e n t ia t io n .  M iura and W il t  (1971) 
showed th a t the presum ptive b lood is la n d  tis s u e  o f  the b lastoderm , 
c u ltu re d  a t the p r im it iv e  s tre a k  s ta ge , fa i le d  to  syn the s ize  haemo­
g lo b in  In  the presence o f  B rdU rd, A t la te r  stages o f development, 
however, BrdUrd trea tm en t had no e f fe c t  on haemoglobin p ro d u c tio n .
I t  is  o f in te r e s t  th a t these w orkers a lso  dem onstrated w ith  the use 
o f a u to ra d io g ra p h ic  techn iques th a t a t  bo th the  BrdUrd s e n s it iv e  and 
in s e n s it iv e  stages a l l  the  e ry th ro b la s t p re cu rso r c e l ls  inco rp o ra te  
BrdUrd In to  th e ir  DNA.
Fabian and W il t  (1973) have dem onstrated in  e ry th ro p o ie t ic  c e l ls  
th a t,d u r in g  recovery from BrdUrd trea tm en t, the  p re v io u s ly  In corpo ra ted  
BrdUrd in  the DNA is  d i lu te d  ou t by fu r th e r  re p lic a t io n  d u rin g  the 
recovery  phase who. the b lo ck  on d i f f e r e n t ia t io n  is  reversed.
W eintraub e t  a l . (1972) employed an In  v iv o  system In which BrdUrd 
Is  In troduced In to  the c h ic k  eggs. They showed th a t th e re  Is  a 
tr a n s i t io n  In the e ry th ro p o ie t ic  lineage b e fo re  which the a b i l i t y  to 
I n i t ia t e  syn th e s is  o f  Hb is  prevented by BrdUrd, and a f te r  which the 
con tinued syn th e s is  o f  Hb Is  u n a ffe c te d . T h is  dem onstrates th a t BrdUrd 
In h ib i t io n  o f  Hb p ro d u c tio n  occurs In v iv o  as wet I as in  v i t r o .
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The evidence o f  BrdUrd a c t io n  on myogenesis and e ry th v o p o le s is  Is 
c o n s is te n t w ith  the p o s s ib i l i t y  th a t BrdUrd In te r fe re s  v / l ih  an event In 
t r a n s c r ip t io n  r e s u lt in g  In  a derangement o f RNA syn th e s is . (See bottom  pg. 24 ).
111 The e f fe c t  o f  BrdUrd on c le a v in g  eggs
In the  development o f Echlnodernt eggs Mazla and G o n tch a ro ff (1964) 
found a d i f f e r e n t  type o f BrdUrd e f fe c t .  In c o rp o ra tio n  o f  BrdUrd in to  
the r<?p! ica tin g  sand d o l la r  egg prevented subsequent b la s tu la  fo rm a tio n .
C lose r exam ination showed th a t the m ito t ic  behaviour o f  the tre a te d  
eggs was h ig h ly  abnormal. N uclear b ridg es  formed between daughter 
blastoderm s. Not o n ly  were abnormal b la s tu la  and le th a l g a s tru la  formed, 
bu t BrdUrd a ls o  a ffe c te d  the p ro d u c tio n  o f  echI nochrome pigments in  the 
sea u rch in  em bryo. However i f t e r  the  16 c e l l  stage o f development 
BrdUrd has no e f fe c t  on echinochrome p ro d u c tio n  (G on tch a ro ff and Mozia 
1967) • T h is  In s e n s it iv i t y  to  BrdUrd s u b s t i tu t io n  a f te r  a la te r  c e l l  
stage may bn compared w ith  the  e f fe c t  o f  BrdUrd s u b s t i tu t io n  In to  the 
DNA du rin g  e ry th ro p o le s is .  In bo th examples even though BrdUrd Is 
In co rpo ra te d  In to  the DNA the c e l ls  become In s e n s it iv e  to  i t s  a o i l l t y  
to  I n h ib i t  s p e c if ic  p ro te in  p ro du c tion ,
iv  The e f fe c t  o f  BrdUrd on an e s ta b lish e d  d if f e r e n t ia te d  s ,t e .
The s tu d ie s  o f  myogenesis and e ry th ro p o le s is  described above 
suggest th a t BrdUrd In h ib i t s  the I n i t ia t i o n  o f  programmes re s u lt in g  in  
the d i f f e r e n t ia t io n  o f these c e l ls .  The examples g iven below w i l l  
I l lu s t r a t e  th a t BrdUrd can ro v e rs ib ly  suppress the exp ress ion  o f  a 
d i f f e r e n t ia te d  s ta te  which has a lre a d y  been a tta in e d  (Ml 11 and 
Anderson 1972).
P o s tm ito tic  chondrocytes are surrounded by a m etachrum atlc m a tr ix  
in to  which they de p o s it newly syn thes ized c h o n d ro lt in  s u lp h a te . When 
p o s tm ito t ic  c e l ls  are lib e ra te d  from  th e ir  m a tr ix  and c u ltu re d  as s in g le  
c o l l i  they are Induced to  e n te r  the m ito t ic  c y c le . The daughter c e lts
form mul t i c e l  lu la r  co lo n ie s  which d e p o s it the m a f ix  and syn the s ize  
chondroi t in - ^ -s u ip h a tc .  However, chondrocytes FI be ra ted  from  vertebra? 
c a r t i la g e  o f ch ic k  embryo do no t de p o s it m a tr lx  o r  syn the s ize  
chondroi t in - ^ -s u lp h a te  when c u ltu re d  in  BrdUrd. (Lasher and Calm 1969,
Abbot and H o ttze r  1968a and b ) . i t  should be noted th a t these c e l ls  
have recommenced d iv is io n  and th a t BrdUrd has been In co rpo ra te d  in to  the 
new DMA (Anderson e t  a h  1970). i t  Is  l i k e ly  th a t BrdUrd In c o rp o ra tio n  
has prevented the fo rm a tio n  o f  the c e l l  s p e c i f ic  p ro d u c t, chondroi t in  
su lp h a te . The posslb? 11 ty  th a t the in c o rp o ra tio n  o f  BrdUrd in to  DMA Is 
o n ly  a concom itant event and n o t the causal eve n t cannot be excluded.
This in h ib i t io n  o t c a r t i la g e  development by BrdUrd has a lso  been demonstrated 
by Abbot e t  a l . (1972) using organ c u ltu re s  o f  ch ick  embryo som ite s , and 
by Mayne e t  a l ■ (1973) and Coleman e t a l . (1970) using mature d iv id in g  
chondrocytes.
There are o th e r examples o f  d i f f e r e n t ia te d  c e l ls  which can be 
proven ted from s y n th e s iz in g  th e ir  c e l l  s p e c i f ic  p ro du cts  by BrdUrd 
trea tm en t. These in c lu d e  f ib r o b la s t  c e l ls  from ch ick  amnion which syn the s ize  
h y a lu ro n ic  ae fd and chondroi t i n  su lp ha te  ( B is c l io f f  and H oU zo i; 1968,
B is c h o ff 1971 and Mayne e t  a l ■ 1971), h y b r id  mammallan c e l ls  In  c u ltu re  
which syn the s ize  h y a lu ro n ic  a c id  (Koyatna and Ono 1971, and pigment 
producing mouse melanoma c e l ls  (S ila g i and Bruce 1970 and W rathal e t  a t .
1973) • The common fe a tu re  o f these examples is  th a t fo r  e f fe c t iv e  BrdUrd 
in h ib i t io n  c e l l  d iv is io n  must a lso  be ta k in g  p la ce . This obse rva tion  
c o r re la te s  w ith  SrdUrd In h ib i t io n  o f c ry th ro p o ic s Is  and myogenesis 
where c e l l  d iv is io n  proceeds Uie es tab lish m e n t o f  the d if f e r e n t ia te d  
s ta te . This suggests that. BrdUrd may have a s im i la r  mode o f a c t io n  In 
a l l  these systems.
The example o f  pigment produc ing  mouse melanoma c e l ls  quoted above 
is, o f  p a r t ic u la r  in te r e s t  because o f the very low le v e ls  (H u g /m l)  o f 
BrdUrd req u ire d  to  suppress the fo rm a tio n  o f  p igm ent. (Si lag  I and 
Bruce 1970, and W rathal e t  a l . 1973) • A t these low con cen tra tio ns  the 
ra te  o f  growth Is  no t a f fe c te d  bu t the c e l ls  grow w ith o u t pigment and
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grow In f la t te n e d  m onolayers. This Is  In c o n tra s t to  the normal 
da rk  c lones o f  melanoma c e l ls  which form  In normal medium. W ith 
the  suppression o f p ig m e n ta tio n  these w orkers a ls o  found an Independ­
e n t suppression o f  tu m o u r Ig e n lc lty . Those two e f fe c ts  are not 
dependent on each o th e r as suppression o f  m alignancy in  am elanotic 
melanoma c o l ls  is  a lso  apparen t.
v . The e f fe c t  o f  SrdUrd on s p e c if ic  p ro te ins c h a r a c te r is t ic  
o f  the  d i f f e r e n t ia te d  s ta te .
The in h ib i to ry  e f fe c t  o f  BrdUrd on c e l l  s p e c if ic  p ro to 'n s  has 
been p a r t ly  discussed In  r e la t io n  to  myosin syn the s is  and haemoglobin 
syn the s is  In se c tio n  1 .2 .3 , p o in ts  ( I )  and ( I I )  re s p e c tiv e ly . Other 
examples r e la t in g  to  the In h ib ito r y  e f fe c t  o f  SrdUrd on c e l l  s p e c if ic  
p ro te in  syn th e s is  are d e a lt w ith  below.
Hoithausen e t a l . ( 1969) s tu d ie d  the e f fe c t  o f  BrdUrd on the leve l 
o f  enzymes c h a r a c te r is t ic  o f  the e x t ra c e l lu la r  po lysacch a ride  m a tr ix  
o f  c u ltu re d  v e r te b ra l chondrocytes. There are  th re e  enzyme systems 
e s s e n t ia l fo r  the p ro d u c tio n  o f  th is  m a tr ix  w h i-h  is  a p ro te ln -  
po lysacch arlde  complex. These enzymes are UDP-glucose dehydrogenase, 
UDP-N-aeetyl-D-g1uco«am ine-f|-epim erase and su lp ho k lna se. The 
in h ib i t io n  o f  d i f f e r e n t ia t io n  by BrdUrd co in c ide s  w ith  a prog ress ive  
d e c lin e  In  the a c t iv i t y  o f  these enzymes. In c o n tra s t a c id  phosphatase, 
cytochrome oxlduse and hexoklnase le v e ls  wero the same fo r  bo th  BrdUrd 
tre a te d  c e l ls  and un trea te d  c e l ls .  T h is  suggests th a t the s p e c if ic  
p ro te in s  o f  a d i f f e r e n t ia te d  c o n d it io n  are In h ib ite d  by BrdUrd In 
c o n tra s t to  the p ro te in s  req u ired  fo r  general c e l l  fu n c t io n . Another 
example to  i l lu s t r a t e  th is  is  presented below.
StelIw agcn and Tomkins (1971a and b) tre a te d  on e s ta b lish e d  l in e  o f 
ra t  hepatoma c u ltu re s  w ith  B rd l. J. U ntreated re t  hepatoma c e l ls  
syn the s ize  the l i v e r  s p e c if ic  s te ro id  In d u c ib le  enzyme, ty ro s in e  amino-
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tra n s fe ra se  (TAT) . These c e l ls  when grown in  BrdUrd syn the s ize  TAT 
a t  a reduced le ve l o f  o n ly  20% o f  the u n trea te d  c e l ls .  SUellwagen 
and Tomkins (1972a) c o r re la te d  the decrease In  the a c t iv i t y  o f  TAT w ith  
the amount o f  BrdUrd inco rp o ra ted  in to  the DNA, which was dependent on 
the co n ce n tra tio n  o f  BrdUrd added to  the medium.
Enzymes such as mat a te  dehydrogenase, a c r 1 phosphatase and a la n in e  
amino tra n s fe ra s e , which a rc  no t l i v e r  spec! c p ro te in s , were u n a ffe c te d . 
These w orkers con firm ed th a t the in h ib i to ry  e f fe c t  o f  BrdUrd is  accompanied 
by i t s  in c o rp o ra tio n  in to  the DNA. They a fso  con firm ed th a t the in h ib i to r y  
e f fe c t  o f  BrdUrd is  r e v e rs ib le ,  and can be prevented by the a d d it io n  o f 
thym id ine to  the c u ltu re  medium.
The In te rp re ta t io n  o f  t l ’  above s tu d ie s  is  com p lica ted  by ,'.he 
incom plete knowledge o f the tu rn ove r ra te s  o f  these enzymes and th e ir  
RNA messengers. W hile S te llw agen and Tomkins (1971b) p re sen t some 
in fo rm a tio n  about enzyme h a l f - l i v e s ,  more d e ta ile d  s tu dy  o f  these aspects 
is  req u /red  fo r  a fu ) )  unde rs tand ing  o f  th is  aspect o f  BrdUrd a c t io n .
W ra th a ll e t  a l ■ (1973) s tu d ie d  the e f fe c ts  o f  BrdUrd suppression 
o f  p ig m e nta tio n  a t  the le ve l o f  ty ro s in a se  a c t iv i t y  and melanosome 
fo rm a tio n . The suppression o f  p ig m e n ta tio n  can be re la te d  to  a loss 
o f  ty ro s in a se  a c t iv i t y  and melanosome fo rm a tio n .
In  a d d it io n . I t  should be noted th a t abnormal p ro te in s  have no t 
been found in  In  v iv o  s tu d ie s  ( M i l t  and Anderson 1972). Im munological 
te s ts  on BrdUrd tre a te d  hepatoma c u ltu re s  do no t produce a lte re d  
p .-o te ins  (S te llw agen and Tomkins 1971a and b) , nor do pancreas trea te d  
c e l ls  te s ted  by zone e le c tro p h o re s is  (Wal th e r  e t  o l ■ 1974), This suggests 
th a t the e f fe c t  o f  BrdUrd Is  no t due to the synN iesis o f  improper RNA 
m olecu les, b u t a b lo ck  in  the e f fe c t iv e  process o f t r a n s c r ip t io n ,  perhaps 
a t  the DNA lo c a t io n  which c o n tro ls  whether o r  no t a second DNA lo c a tio n  
syn thes izes RNA re q u ire d  fo r  the p ro te in  jy n th e s is  o f  a d i f f e r e n t ia te d  s ta te  
(B r lu te n  and Davidson 1969, a lso  S ection  1.3 page 27, paragraph 3 th is  
th es i s ) .
v l . Is RHA syn the s is  a f fe c te d  d u rin g  the in h ib i t io n  o f  
d i f f e r e n t ia t io n  by BrdUrd?
! n a d d it io n  to  the s tu d ie s  on the e f fe c t  o f  BrdUrd on sp e c ia liz e d  
p ro te in s  as de scrib ed above, many in v e s t ig a to rs  have s tu d ied  the leve ls  
o f  ONA and RNA in  these BrdUrd a ffe c te d  c e i ls .
S te i lw£(!<"i and Tomkins (197I o) found o n ly  a 10% decrease in  the ra te s  
o f  s yn the s is  o f  ribosom ctl, so lu b le  and heretogeneous nu c lea r RNA's in  ra t  
hepatoma c e i ls  a f fe c te d  by BrdUrd. The> fa ile d  to  d e te c t a p a r t ic u la r  
BrdUrd s e n s it iv e  c la ss  o f RNA's from c e l ls  grown In BrdUrd by f r a c t io n ­
a t in g  ra d lo a c t iv e ly  la b e lle d  RNA on po lyac ry lam ide  gel s. This may have 
been due to  the fa c t th a t the mRNA was a m inor p o r t io n  o f some la rg e r
Mayne e t a l . (1971) measured the to ta l  ONA con te n t and the RNA:DNA 
and pro tein :D NA ra t io s  o f  f ib r o b la s t  c e l ls  grown in  BrdUrd (S y g /m l) .
No s ig n i f ic a n t  depress ion  o f  to ta l  DNA con te n t was observed. The RNA:DMA 
r a t io  was s l i g h t l y  reduced, and s im ila r  bu t more marked depressions were 
observed In the pro te in :D N A r a t io s ,  compared w ith  u n trea te d  c e l ls .  As 
th e ir  study encompassed the  o v e ra ll s yn the s is  o f  p ro te in  and RNA in  these 
c e l ls  i t  is  unknown whether the re d u c tio n  was due to  a s p e c if ic  f r a c t io n .  
However s tu d ie s  a rc  presented below which are re la te d  to  s p e c if ic  c lasses
The syn the s is  o f  mammary gland se c re tio n s  a f fo rd s  o system In which 
BrdUrd In h ib i t io n  o f  s p e c if ic  p ro te in s  con be s tu d ie d  a t the le ve l o f 
tra n s c r ip t io n .  P r o l i fe ra t in g  mammary e p i th e l ia l  c e l ls  can be induced to 
syn the s ize  case in  and ft- la c ta lb u m ln . T h is  syn the s is  o f  s p e c if ic  p ro te in s  
Is preceded by an increase in  the ra te  o f  s yn the s is  o f  s p e c if ic  c lasses o f 
RNA (45S and 325 prcrlbosom al RNA, heterogeneous DNA l ik e  RNA o f  the 
nucleus and tra n s fe r  RNA). Furtherm ore, th ere  Is  a concom itant Increase 
In polysomes w ith  the I n i t ia t i o n  o f case in  s y n th e s is . Th ls  has been 
In te rp re te d  as the  tra n s la t io n  o f  new case in mRNA on cytoplasm ic, polysomes.
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AI though the  syn the s is  o f  case in  and i t -1 ac ta  I bum in  was in h ib  i ted by 
BrdUrd In c o rp o ra tio n  in to  the DNA, the s p e c if ic  c lasses o f RNA were 
n o t shown to  be a f fe c te d  in  th e i r  exp erim en ta l system. However, th e re  was 
a marked re d u c tio n  in  the  polysomes and there is  some decrease in  the to ta l  
number o f  ribosomes (T u rk in g ton  e t a? . 1971).
K o tz in  and Baker (1972) found th a t the a d d it io n  o f BrdUrd to  a 
c u ltu re  o f developing g a s tru la  stage sea u rch in  embryos caused a 
re d u c tio n  in  the ra te  o f  in c o rp o ra tio n  o f ( 3H )-u r !d in e  in to  new RNA.
They a lso  found th a t an 8-15S nu c lea r DNA, which was the  p re cu rso r o f  
15-605 DNA, was prevented In the BrdUrd in h ib ite d  g a s tru la e  from 
becoming p a r t  o f  the h ig he r m o lecu la r w e igh t DNA. They in te rp re te d  
th is  as meaning th a t the BrdUrd in  DNA prevented the  process ing  o f the 
15-605 DNA from  the 8-155 DNA p re cu rso rs . Furtherm ore, DNA-RNA h y b r id ­
iz a t io n  assays in d ic a te d  th a t g a s tru la  stage 20-605 nuc lea r DNA had 
g re a te r  sequence homology fo r  ( 3H) RNA o f  the same stage. T h is  h y b r id ­
iz a t io n  was no t found in  BrdUrd exposed embryos. T h is  example supports 
th e  view  th a t BrdUrd in c o rp o ra tio n  in to  DNA, does e f fe c t  the syn the s is  
o f  '•p a c if ic  RNA species in  the developing sea u rch in  embryo.
I .3 Evidence fo r  thym id ine r ic h  areas JNA
I t  was proposed e a r l ie r  In th is  work th a t the  in h ib i to ry  e f fe c t  o f 
BrdUrd Is  due to  the replacem ent c *  thym id ine  by BrdUrd in  thym id ine r ic h  
areas o f the DNA. Do such thym id ine  c lu s te rs  e x is t?
Using the Formic ncI d-d I phony I amine re a c tio n  o f Burton and Petersen 
( i9 6 0 ) ,  T o l iv e r  c t  n l ■ (1968) dem onstrated the pmsence o f p y r im id in e  
c lu s te rs  in  He La c e l l  DNA.
The presence o f r e p e t i t iv e  DNA was found In species o f h ighe r 
organisms ( B r it te n  and Kohne 1968) ,  They examined va rio u s  species o f
p la n ts ,  p ro tozo a , in v e rte b ra te s  and v e r te b ra te s . The ac tua l sequence 
o f these nu c le o tid e s  Is  unknown, bu t I t  is  p o ss ib le  th a t th e re  are many 
homopolymer and copolymer types w ith in  the  DMA. An example o f the 
copolym er type o f  repeated n u c le o tid e  sequence Is  found in  the s a t e l l i t e  
from  crab DNA (Sueoka 1961), and from  Yeast and D rosoph ila  DNA (G u i1le  
and Q u e tie r 1973)■ I he crab s a t e l l i t e  DMA c o n s is ts  o f  an a l te r n a t in g  
sequence o f adenine and thymine u n its .  In  the same con te x t Szybalski 
e t  a l ■ ( 1966) found p y r im id in e  r ic h  c lu s te r s ,  such as c y to s in e  and 
guanine pa ire d  sequences, in  the DNA from a v a r ie ty  o f  organism s.
In  the DNA to  RNA t ra n s c r ip t io n  process the dC r ic h  sequence ra th e r  
than the  dG r ic h  sequence in  the DNA Is the tra n sc rib e d  s tra n d , and 
" im l la r ly  w ith  dT and dA r ic h  sequences, dT is  p r e fe r e n t ia l ly  tra n s c rib e d . 
T h is  as&ymjetry o f  copying  the p y r im id in e  r ic h  s tran d has been demonstrated 
by Morgan (1970) using s y n th e tic  DNA polymers and E. c o l i  DNA dependent 
RNA polymerase.
Assuming th a t thym id ine  r ic h  sequences do e x is t ,  cou ld  these areas 
o f  repeated n u c le o tid e  sequence be s ite s  o f re g u la t io n  For gene expression? 
S p e c if ic  n u c le o tid e  sequences have been proposed to  be s ite s  o f c o n tro l 
and I n i t ia t i o n  in  the re g u la t io n  o f gene exp ress ion  ( B r it te n  and Davidson 
1969). They and o th e r w orkers have e s ta b lish e d  th a t the  genome o f  h ighe r 
c e l l  types co n ta in  la rge  fra c t io n s  o f r e p e t i t iv e  n u c le o tid e  sequences. 
Consequently they proposed a th e o re t ic a l motlpI o f  pone re g u la t io n  In 
which m u lt ip le  c o n tr o l l in g  elements arc used fo r  re g u la t in g  the a c t io n  
o f  genes. C en tra l to  th e ir  theo ry is  th a t these c o n tr o l l in g  elements 
are tra n s c rib e d  reg ions o f the genome. They proposed th a t these RNA 
products  a c t a t the  leve l o f  c o n tr o l l in g  mRNA syn the s is  fo r  s p e c if ic  
p ro te in s .
A t the I n i t i a l  stages o f  th is  in v e s t ig a t io n  the f in d in g s  o f Darnel 1 
e t  a l ■ (1971) appeared to  be re le va n t to  the hypothes is  proposed In  th is
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w ork . They dem onstrated the ex is te n ce  o f  p o ly  A sequences in  mRNA.
T his  o b se rva tio n  i n i t i a l l y  In fe r re d  the tr a n s c r ip t io n  o f  p o ly  dT 
sequences in  DNA. However subsequent work ( W ilt  1973) dem onstrated th a t 
th e  p o ly  A residues were added to  the 3 ' end o f the mRNA po s t tra n s ­
c r ip t io n a l ly .  This prec ludes the p a r t ic ip a t io n  o f p o ly  dT residues 
in  the DMA In  both I n i t ia t i o n  and syn the s is  o f  these po ly  A reg ions 
in  mRNA. A d d it io n a lly  Ingram e t a l . (1974) demonstrated th a t 
In h ib i t io n  o f  e ry th ro p o le s ls  by BrdUrd d id  no t b lo ck  p o ly a d e n y la tlo n  
o f  mRNA.
I t  can th e re fo re  be concluded th a t the ex is te n ce  o f  thym id ine  
r ic h  areas In  the DNA is  p ro ba b le . The p o s s ib i l i t y  a ls o  a rise s  
th a t these areas may be invo lved in  gene re g u la t io n .
1.4 B in d ing  o f  th e  Lac rep re ssor o f  E. co l I to  o p e ra to r 
analogues.
L in  and Riggs (1971) have shown th a t la c  rep re ssor p ro te in  In 
E. co l I b inds to  p o ly (d A -d T ). They have a ls o  shown th a t rep re ssor 
p ro te in  b inds very much more s tro n g ly  to  po ly(dA-BrdU ) than to  p o ly (d A -dT ). 
The d is s o c ia t io n  con s ta n t o f  the rep re ssor p ro te in  - po ly(dA-dT) complex 
is  ten tim es g re a te r  than th a t o f  rep re ssor p ro te in  - poly(dA-BrdU ) 
complex (L in  and Riggs 1972). A lthough th is  Is a b a c te r ia l system 
the evidence presented In th e ir  work dem onstrates th a t po ly(dA-dT) 
res idues p la y  an Im portan t ro le  In  the c o n tro l o f  gene exp ress ion .
P o ss ib ly  those sequences may a ls o  c o n tro l gene express ion  In  the d i f f e r ­
e n tia te d  s ta te .  I f  th is  is  the cose BrdUrd s u b s t i tu t io n  o f  po ly(dA-dT) 
r ic h  areas m ight r e s u lt  In  the in h ib i t io n  o f I n i t ia t i o n  o f  s p e c if ic  
p ro te in  syn the s is  due to  non-re lease o f  the re p re sso r.
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1.5 Tho in  v i .Lr.g  syn th e s is  o f s y n th e tic  po ly(dA -dT ) 
and ! ts  .Tiialoguo po ly(dA-BrdlJ)
As the p ra c t ic a l aim o f th is  in v e s t ig a t io n  is  to  s tudy the tra n s ­
c r ip t io n  o f the  B rd t lrd -co n ta in ln g  DNA po lym ers, a d iscu ss io n  o f the in  
v i t r o  syn the s is  oF these polymers by DNA polymerase is  o f  im portance.
The s y n th e t ic  polymer o f  (dA-dT) was used as a f i r s t  approach to  examine 
a double stranded DNA o f  h igh thym id ine  d e n s ity .  As w e ll as being a 
polymer which is  known to  be tra n sc rib e d  (Ch.imberl in  e t a l ■ 1963).
TdR can be com p le te ly  s u b s t itu te d  fo r  by BrdUrd to  form  po ly(dA -S rd ll) 
d u rin g  r e p lic a t io n  (Inman and Baldw in 1962). Evidence fo r  the re p lic a t io n  
o f these polymers and the tra n s c r ip t io n  o f  po ly(dA -dT ) to  po ly(A -U ) in  a 
DNA polymerase and RNA polymerase system re s p e c t iv e ly ,  is  described 
below.
Schachman e t .i I , ( i 960) have shown th a t in  the absence o f a DNA 
prim er and In  the presence o f dATP and dTTP in  an in  v i t r o  E. col I DNA 
polymerase system a polymer o f  dAMP and dTMP Is form ed. This syn the s is  
takes place a f te r  a long lag  p e r io d . The polymer was found to  con ta in  
equal p ro p o rtio n s  o f dAMP and dTMP ei.-l these were in  s t r i c t l y  a lte rn a t in g  
sequence. Furtherm ore, the polymer was a double h e l ic a l ,  hydrogen bonded 
macromolecule (MW2-8 x 10° ) ,  thus o f  the same c o n fig u ra tio n  as n a tu ra l 
DNA. In the syn the s is  o f  po ly(dA-dT) the lag p e rio d  Is a b o lish ed  I f  the 
polymer synthes ized In the unprimed re a c tio n  is  subsequently used as prim er. 
This su b s ta n tia te s  th a t the  polymer is  p o ly (d A -d T ).
The mechanism by which the po iy(dA-dT) is  syn thes ized I n i t i a l l y  In 
an unprimed system has no t ye t been e lu c id a te d . Setlow e t a l . (1972) 
separated and compared the enzym atic a c t io n  o f the two d is t in c t  enzymes 
o f DNA polymerase I  (see se c t io n  1 ,1 .2 ) .  They found th a t o n ly  the In ta c t 
enzyme can ca ta ly s e  do novo syn the s is  o f  p o ly (d A -d T ).
Radding and Kornberg (1962) In v e s tig a te d  the k in e t ic s  o f  unprlmed 
syn the s is  o f  p o ly (d A -d T ). They cos&rved th a t a f t e r  5% o f  the re a c tio n
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har1 occurred the s iz e  o f the  |>o!y(dA-dT) m olecules formed were the same 
as those produced a t the end oP the re a c tio n . The re fo re  the process is 
no t a p ro g re ss ive  len gthen ing  o f the polymer th roughout the course o f 
sy n th e s is . The macromolecules formed d u rin g  the lag p e rio d  are 
re p lic a te d  as In  the syn th e s is  o f  DNA by ONA polymerase.
The polymer Is syn thes ized w ith in  the f i r s t  20% o f  the lag  pe rio d  
and the  fu r th e r  tim e course o f  s yn the s is  fo llo w s  from the a u to c a ta 1y t Ic  
r e p lic a t io n  o f (dA-dT) p r im e r. Radding and Kornberg (1962) hypothes ize  
th a t the polymer Is  s ta r te d  by a number o f  random com binations o f  nuc leo­
t id e s ,  ca ta lyzed  by the enzyme, and th a t some n u c le o tid e  product possessing 
a s im p le  and h ig h ly  re g u la r  s tru c tu re  Is  than favoured fo r  fu r th e r  growth. 
Ordered p o lym e r iza tio n  con tinu es u n t i l  the m olecu le reaches a s iz e  s u i t ­
a b le  fo r  p r im in g .  Upon i t s  r e p lic a t io n  by ONA polymerase each o f  the. 
daughter m olecules then becomes a tem p la te  fo r  fu r th e r  r e p lic a t io n  in  
sem i-con se rva tive  fa sh io n . Wake and Baldw in ( 1962) confirm ed th a t the 
sem i-con se rva tive  system o f  re p lic a t io n  a p p lie d  fo r  primed po ly(dA-dT) 
syn th e s is . Thus the syn th e s is  o f  po ly  (dA-dT) is  analogous to  th a t o f 
In  v iv o  DMA syn the s is  In th a t they are  un th sem i-con se rva tive  (Mesefson 
and S tah l 1958).
Inman and Baldw in (1962) have s u c c e s s fu lly  prepared the poly(dA-BrdU ) 
analogue o f p o ly (d A -d T ), using an unprimed o r  p o ly (d A -d r) primed DNA 
polymerase re a c tio n , where dTTP Is  rep laced by BrdUTP. The base sequence 
in  the poly{dA-BrdU ) product has a ls o  been shown to  be a lte rn a t in g  by 
T rautne r e t  a l . (1962). When e ith e r  o f  the  copolymers o f (dA-dT) o r  
(dA-BrdU) are used as p r im e rs , syn the s is  begins p ro m p tly . Poly(dA-dT) 
w i l l  serve as prim er fo r  poly(clA-BrdU) syn th e s is  and v ic e  versa , Wake 
and Baldwin (1S42)• Bossman e t  a l ■ (1958) and Okazaki and Kornberg (1964) 
have shown th a t BrdUTP can s u b s t i tu te  fo r  dTTP In  an In  v l t r o  system primed 
by ca i f  thymus DNA.
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Using po ly(dA -dT ) as prim er In  a system o f  t ra n s c r ip t io n  co n ta in in g  
E. co l I RNA poiymorase ATP and UTP, a polymer c o n ta in in g  AMP and UMP o f  
a l te r t ia t ln g  sequences can bo syn th e s ize d , Chamber I in  e t  a1 ■ (1963) and 
ChamberiIn {196?)•
Thus I t  can be concluded th a t the po ly(dA -dT ) system o f  r e p lic a t io n  
and tra n s c r ip t io n  was a s a t is fa c to r y  i n i t i a l  cho ice  fo r  the  in  v i t ro  
s tudy o f the t ra n s c r ip t io n  p o te n t ia l o f  polymers c o n ta in in g  BrdUrd.
1.6 A possible- mechanism by which broniodcoxyurid ine in h ib i t s  
c e l l  d i f f e r e n t ia t io n .
The in h ib i t io n  o f  s p e c ia liz e d  p ro te in  syn the s is  by BrdUrd appears to  
be dependent on the In c o rp o ra tio n  o f  the  analogue In to  the DNA (S te llw agen 
and Tomkins 1971a)• At le a s t one DNA s y n th e t ic  cy c le  Is  a p re re q u is ite  
fo r  the in h ib i to ry  e f fe c t  o f  BrdUrd on d i f f e r e n t ia t io n .  T h is  has been 
dem onstrated by the  examples presented in  se c tio n  1 .2 .3 . This r e ite ra te s  
th a t the mode o f  a c t io n  o f BrdUrd in h ib i t io n  o f d i f f e r e n t ia t io n  req u ires  
BrdU-'d in c o rp o ra tio n  in to  DNA. A proposal p e r ta in in g  to  the na tu re  o f a 
DNA-1Inked mechanism o f  BrdUrd in h ib i t io n  should a ls o  in co rp o ra te  the fa c t  
th a t the in h ib i t io n  is  s p e c if ic  to  p ro te in s  c h a r a c te r is t ic  o f  a d i f f e r e n t ­
ia te d  s ta te  (see se c t io n  1 .2 .3 )-
IL has been m entioned p re v io u s ly  (see se c tio n  I .k )  th a t po ly(dA-dT) 
and po ly(dA -B rd ll) b ind to  b a c te r ia l p ro te in  la c  rep re ssor m o lecu les. In  a 
s im ila r  fa sh ion  the p ro te in  RNA polymerase may have a g re a te r  a f f i n i t y  fo r  
poly(dA-BrdU ) th.m 11 lur. fo r  p o ly (d A -d T ).
F u rth e r evidence hid lea tin t)  th a t RNA polymerase tra n s c r ip t io n  Is  no t 
as e f fe c t iv e  In tin.' presence o f  B rdU rd -co n ta ln lng  DNA may be gained from 
the in  v iv o  s tu d ie s  o f  Jones and Dove (1972). They have found an 
in h ib i t io n  o f  the tra n s c r ip t io n  ra te  o f X cot I phages In which thym id ine 
is  com p le te ly  o r  p z ir t la l  ly  s u b s titu te d  by BrdUrd. S u b s t itu te d  DNA was 
about seven tim es less e f fe c t iv e  than normal DNA as a prim er fo r  X mRNA
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In v iv o . The au thors  concluded LhoL in h ib i t io n  oF mRNA syn the s is  was 
due to  e ith e r  in e f fe c t iv e  b in d in g  o f  RNA polymerase to  the BrdUrd 
s u b s t itu te d  DMA o r  to the in a b i l i t y  o f  the BrdUrd s u b s t itu te d  DMA to
Ste llw agen and Tomkins (1971b) suggest th a t BrdUrd In DMA " in h ib i t s  
the tra n s c r ip t io n  o f  o n ly  c e r ta in  genes In to  mRNA". Here i t  Is  proposed 
th a t these genes, which are p ro ba b ly  r ic h  in  thym id ine (p o s s ib ly  thym id ine 
sequences) are invo lved  d i r e c t ly  o r  in d ir e c t ly  v ia  a c o n tro l loop w ith  
s p e c i f ic  p ro te in  sy n th e s is . These thym id ine sequences may e x is t  In the 
i n i t i a t i o n  reg ions o r  s p e c i f ic  areas o f  the gone (see se c t io n  1. 3 . ) .
Tol Iv e r  e t  a l ■ (1968) on the bas is  o f  th e ir  s tu d ie s  (see s e c t io n  1 .2 .2 )
suggested th a t thym id ine  r ic h  m a te ria l may be assoc ia ted  w ith  the c o n tro l
o f  ONA syn th e s is . S im ila r ly  such reg ions may a lso  p la y  an im portan t 
ro le  in  tra n s c r ip t io n .  I f  these wore s p e d  f I c  In mRNA p ro du c tion  
re la te d  to  d i f f e r e n t ia t io n ,  In h ib i t io n  by BrdUrd m ight r e s u lt .  B r i t te n  
and Davidson (1969) proposed th a t th ere  are re g u la to ry  elements 
a d jace n t to  s t ru c tu ra l genes. I f  these were r ic h  in  thym id ine sequences 
th e i r  s u b s t i tu t io n  by BrdUrd m ight r e s u lt  In an I n h ib i t io n  o f  th e ir  
re g u la to ry  fu n c t io n . As p ro te in s  re q u ire d  fo r  general c e l l  fu n c tio n  may 
not be a ffe c te d  by Brc'Urd in co rp o ra tio n  in to  the DNA, the i n i t i a t i o n  o f  
th e ir  mRNA syn the s is  may be due to  s i tM  no t r ic h  in  thym id ine and
consequently In s e n s it iv e  to  BrdUrd s u b s t i tu t io n .
i t  Is proposed th a t BrdUrd Is  In co rpo ra te d  in to  re g u la to ry  elements 
o f  the DNA which In i t la t r -  the syn th e s is  o f  s p e c ia lis e d  p ro te in s  ch a ra c te r­
i s t i c  o f  the d if f e r e n t ia te d  s ta te . Those may be s p e c i f i c a l ly  s e n s it iv e  
to  thym id ine  s u b s t i tu t io n  by BrdUrd o r  they may be thym id ine  r ic h  s i te s .
I t  is  th is  l a t t e r  theory th a t w i l l  be te s te d  In the In v l t r o  te chn iq ue , 
o f  syn th e s is  o f  DNA and RNA, designed fo r  th is  In v e s t ig a t io n .
33.
1.7 Aim o f  U iIs  in v e s t ig a t io n
The aim o f  th is  In v e s t ig a t io n  was to  te s t the hyp othes is  th a t 
B rd llrd  in h ib i t io n  o f  d l f f e i . jn t ia t io n  ac ts  s p e c i f i c a l ly  a t the le ve l o f 
t r a n s c r ip t io n  o f DNA in to  RNA. I t  was decided to  approach th is  problem 
a t a ba s ic  m o lecu la r le v e l by syn th e s iz in g  DNA m olecules w ith  d i f f e r in g  
amounts o f  BrdUrd and m easuring the a b i l i t y  o f  RNA polymerase to  
tra n s c rib e  these m olecu les. To th is  end the in  v i t r o  DNA polymerase 
and RNA polymerase systems described and e va lua ted  In the subsequent 
se c tio ns  o f  th is  th e s is  are used.
2 . METHODS AND MATERIALS
2.1 Enzymes
2 .1 .1  DNA polymerase
A. M Icrocoecus Iy s o d e Ik t ic u . ONA polymerase I  was o b ta in ed  from 
M iles-S eravac Research D iv is io n , M ile s  la b o ra to r ie s , I l l i n o i s ,  U.S.A.
The a c t iv i t y  was s p e c if ie d  as 80 un its /m g  p r o te in .  T h is  enzyme was 
is o la te d  acco rd ing  to  the method o f Zimmerman (1966 ). I t  was sup p lie d  
d isso lve d  in  0.15M potassium  phosphate b u ffe r  pH 6 . 8 , 0.01M ETSH and 
was s to re d a t  - 20°C.
B. Two p re p a ra tio n s  o f  E sch erich ia  co l 1 MRE 600 DNA polymerase I  
were ob ta ined from Boehringer Mannheim, Germany. The a c t iv i t i e s  were 
s p e c if ie d  as 1970 and 2741 un its /m g  p ro te in  re s p e c t iv e ly .  These 
p re p a ra tio n s  correspond to  ap p ro x im a te ly  step VI I o f  the  enzyme 
Is o la t io n  o f  Jo v ln  e t  a l ■ (1969). They were sup p lie d  In  50% g ly c e ro l 
a t  a pH o f about 6 .0  and were s to re d  a t -20°C.
An enzyme u n i t  Is  de fin e d  as the  amount o f  enzyme req u ire d  to  
con ve rt 10 nmoles o f  is o to p lc a l!y  la b e lle d  de oxyribonuc leosIde  
5 ' - tr ip h o s p h a te  in to  a c id - in s o lu b le  m a te ria l In  the presence o f 
po ly(dA-dT) p rim er in  30 m inutes a t 37°C. Both M. ly s o d e lk tic u s  and 
E. co l i I'NA polymerase p re p a ra tio n s  were d i lu te d  •<, 0.05M T ris-H C I 
b u ffe r  pH 7 .5 , O.OIM ETSH, I mg/ml B5A. They were used w ith in  15 
m inutes o f  d i lu t io n .
C. Ca l f  thymus g land DNA polymerase from  c a f f  thymus g land was 
prepared us in g  the method o f Shepherd and K o lr (1966) w ith  s l ig h t
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modi H e a t Ions. C a lf thymus g land was chopped In to  sm a'l p ieces and 
suspended In  12 volumes o f  0.2SM sucrose, 0.001M EDTA, 0.005H ETSH.
The suspension was then homogvni zed a t low speed .n a Pot te r-E Iv e h jc lm  
homogenlzer. M ic ro scop ic  exam ination  w ith  the s ta in ,  1% W/V c ry s ta l 
v io le t  In c i t r i c  a c id , was used to  check th a t c e l lu la r  d is ru p t io n  had 
been achieved w ith  m in imal nu c lea r breakdown. The p re p a ra tio n  was 
then made 0, DIM w ith  respect to  potassium  phosphate b u ffe r  pH 7-5  and 
0 . 15M w ith  resp ec t to  KC1, by the a d d it io n  o f  0.5M potassium  phosphate 
b u ffe r  and s o l id  KC1 re s p e c t iv e ly .  The homogenate was then c e n t r i ­
fuged a t 105,000g in  a Spinco Model L. fo r  60 m in u te s . The super­
n a ta n t f r a c t io n  was the c a l f  thymus DNA polymerase p re p a ra tio n  used 
In th is  s tu dy . t  was used w l th in  one hour o f  p re p a ra tio n . The 
p ro te in  co n c e n tra t io n  o f  the e n z y m a tlc a lly -a c t lv e  sup ern a ta n t f r a c t io n  
was determ ined by the method o f  Lowry e t a l . (1951) •
2 .1 .2  . polymerase
Esch erich ia  col I B SNA polymerase was purchased from  M iles-S eravac 
Research D iv is io n . The a c t iv i t y  was s p e c if ie d  as 29*1 uni ts/mg p ro te in .  
T h is  enzyme was prepared acco rd ing  to  the method o f Burgess (1969).
The s p e c if ic a t io n s  were those o f  a p u r if ie d  s o lu t io n  o f RNA polymerase 
c o n ta in in g  'S igm a1 fa c to r  and e s s e n t ia l ly  f re e  o f p o ivn u c le o tid e  
phosphorylase, DNA polymerase, RNAase and DNAase.
The enzyme was sup p lie d  In g ly c e ro l In  enzyme d i lu e n t aM  was 
s to re d  a t -20°C . The enzyme d i lu e n t  was 0.01M T rls -H C I b u ffe r  pH 7 -9 , 
0.01M MgCl2 , 0.01M KC1, O.ImM d i th lo th r c l  l o l , O.ImM EOTA. This 
s o lu t io n  was used to  p repare the  o p p ro p r la lc  RNA polymerase concen­
t r a t io n s .  The d i lu te d  p re p a ra tio n s  were used w ith in  15 m in u te s . One 
u n i t  o f  RNA polymerase a c t i v i ty  Is de fine d  as the amount o f  enzyme 
c a ta ly z in g  the in c o rp o ra tio n  o f  I nmole o f  Is o to p lc a l ly  la b e lle d  
r ib o m ic lc o s ld e  5 1‘ monophosphate in to  acid -1  n so lu b le  m a te ria l In  the
p ra iu nce o f  c a l f  thymus DMA prim er in  10 m inutes a t 37°C.
2 .2  DMA prim ers
2 .2 .1  C a lf thymus DMA
The sodium s a l t  o f  po lym erized c a l f  thymus DMA was purchased from  
Sigma Chemical Company, M is s o u r i, U.S.A.
The DMA was d isso lve d  in  d i s t i l l e d  w ater a t a co n c e n tra t io n  o f
2 mg/ml by s t i r r i n g  o v e rn ig h t a t  4°C. I t  was denatured by he a tin g  
fo r  10 m inutes in  b o i l in g  w ate r and by ra p id ly  co o lin g  in  ice .
2 .2 .2  Poiy(dA-dT)
Po ly(dA-dT) was ob ta in ed from  the Sigma Chemical Company as the 
sodium s a l t  o f  a h igh m o lecu la r w e ig h t double stranded copolym er.
This copolym er con s is te d  o f  a l te r n a t in g  deoxyadenylIc a c id  and 
deoxythym idyl1c a c id  re s id u e s . The copolym er was d isso lve d  in
d is t i l l e d  w ate r a t  a co n c e n tra t io n  o f  100 E ^ q u n its /0 .5  ml and was
sto re d  a t -2Q°C.
I t  was used as prim er in  the DMA polymerase and RNA polymerase 
assays w ith  fu r th e r  d i lu t io n  as re q u ire d .
The UV a b so rp tion  spectrum  o f Po ly(dA-dT) was measured and is
j-'i'iw ) in  F igu re  6. The ap p rox im a tion  th a t I imi o f  po lydvo xynu c Ieo tide  
i i  e a u iva le n l to  20 E26o un' Ls was usoc* iV o u g h o u t th is  w ork.
0n‘ ! o f  po1y(dA-dT) is  de fin e d  as th a t amount which w i l l  y ie ld  
an : 2£0 o f  1.0 In  1.0 m) o f  w a te r (1 cm l ig h t  p a th ) .
2 .2 .3  Poly(dA-BrdU)
Poly(dA-BrdU) was o b ta in e d , from  General B iochem ica ls , Chagrin 
F a ils ,. O hio, U .S .A ., as a doub le s tranded polym er c o n s is tin g  o f  
a lte r n a t in g  deoxyadenyl ic  o d d  and g-Broniodeoxyuridyl i r  o d d  residues 
In  both s i rands. I t  was prepared acco rd ing  to  the method o f  Inman and
Baldw in (1l)6 2 ). The a b so rp tio n  maximum o f  th is  is  26 6 .Gum and the
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The polymer was sup p lie d  In O.OiM T r i s-HCI b u ffe r  pH 7-9 and was 
s to re d  a t  -4°C . ! t  was used as req u ired  w ith o u t fu r th e r  d i lu t io n .
One u n i t  o f  polyCdA-BrdH) is  de fin e d  as th a t amount which w i l l  y ie ld  
an E266 o f  '- 0  In  1.0 ml o f  w ater (1 cm l i g h t  p a th ).
2 .3 N ucleo tldos
2 .3 .1  Nuc le o s id e  5 ' - tr ip h o s p h a te s  ^
The deoxyribo nu c leo s id e  5 '~ trip h o sp h a te s  o f  u rid l-n e , thym ine, 
aden ine , guanine an d^cytos ine  and the r ib o n u c le o s id e  5 1" trip h o sp h a te s  
o f adenine and u fW in e  were ob ta in ed  from  tho Sigma Chemical Company.
5-Brom odeoxyurid ine 5 ' • tr ip h o s p h a te  was prepared i n i t i a l l y  by the 
a u th o r and la te r  was purchased from Boehrlnger-Mannheim as the 
t r i 11th ium  s a l t .
2 .3 .2  Is o to p ic a l ly  la b e lle d  nu c leo s ide  5 '~ trfo h o sp h a te s  
The fo llo w in g  la b e lle d  nu c leo s ldc  5 ' - t r i  phosphates were purchased
from the Radiochemical W n tre , Buckingham shire, England.
D eoxyadenostriis-S -^H -S '-triphosphate ammonium s a l t  TRK 347 
D e o xycy tid in c -5 *^H -5 ’ - tr lp l!o s p h 3 te  ammonim  s a l t  TRK 352 
D e o xy th ym id ln c -m v th y l-^H -5 '-trip h o sp h a te  amnronium s a l t  TRK k lh  
M anas in e -S -1 l|C -51 -  t r  J p liosphaiv sodium s a l t  CFA 'i26. 
D e o x y th y m id in e -2 -^ C -5 '- t r i phosphate tc t r a l  I thlum - „ iU  NEC 41i2 
was o b ta in ed  From New England N uc le ar, Bo-iion, Miiss. U.S.A.
2 .3 .3  P rep a ra tion  o f S-Brom odcnxyurIdlno 5 ' 't r ip h o s p h a te  
S-Brom deoxyur'id lno  5 ' - tr ip h o s p h o le  was prepared by d l r c c t
b ro m ln a ii'tn  o f  d '*o xyu rid in e  tr ip h o s p h a te .
Ma/kbam w i*h  o th e rs  (Bnssman e l  a l . ,  1958) had prepared BrdUTP
from  dCTP by b ro m ln u t  fo llo w ed  by deam ina tion . Markham (1971)
recommonfled to  the  a u th o r the um> o f UUTP In  o rd e r in  e lim in a te  the 
deam ination o f BrdCTP. A method wog w.ipinycd based on u procedure described
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by Ikeharaa id Uesugi (1969) and recommended to  the au thor by Kornberg 
and R usse ll (1971 ). T h is  method invo lved  the use o f sa tu ra ted  
bromine w a te r to  b rom inate the dUTP a t  pH A .0 . The product was then 
p u r if ie d  by column chromatography using 0%AE sephadex (HCO  ^ ) and 
e lu t in g  w ith  trie thylam m onlu in b ica rb o n a te . BrdUTP was p u r if ie d  by 
th is  method but a low y ie ld  was o b ta in e d . A f te r  corresponding w ith  
Grunberg-Managc end S p rin ge r  (1971) th e i r  method o f  d i r e c t  b rom lnation  
o f  dUTP was used w ith  s l ig h t  m o d if ic a t io n s . T h is  p re p a ra tio n  cou ld 
be completed w i th in  two days. S im ila r  methods have been de scrib ed by 
Chamberlin and Berg (1964) and R ile y  and Paul (1971).
The re a c tio n  fo r  the d i r e c t  b ro m in a tio n  o f dUTP Is  showi below:
/ " X "
o /  ’X ' |
P -  P -  P -  Sugar
dUTP *  BrdUTP
Method
0.2inmole (1 2 y l)  o f  ,)ure bromine was added to  O.immole o f  dUTP 
d isso lve d  in  0 .5  mi o f  formomide. T h is  m ix tu re  was allow ed to  stand 
a t  l k ° t  For two hours. The sample was coo led to  0°E In  an ic e  both 
and then r a p id ly  n e u tra liz e d  w ith  3 ml o f  0.1M T r is  a t  0°C to 
ap p ro x im a te ly  pH 7 -0 . N e u tra l iz a t io n  was checked w ith  pH in d ic a to r  
paper. Excess bromine was then e x tra c te d  from the p re p a ra tio n  w ith  
e th e r u n t i l  the e th e r la y e r was no longe r d is co lo u re d  by brom ine.
Four 3 ml washes w ith  e th e r were roqu iveri.
To ensure th a t com plete convers ion  o f  dUTP to  BrdUTP hod taken 
p lace h i)  samples o f the m ix tu re  were removed a t va rio u s  time In te rv a ls
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and d H u  ted in  d is t lU e d  w ate r fo r  spectrophotoraetr i c ana lyses.
A l l  subsequent procedures were c a r r ie d  ou t a t  U°C. The e the r 
e x tra c te d  p re p a ra tio n  was then sub jected  to  column chromatography In 
o rd e r to separa te  the va r io u s  brom inated and non-brom inated n u c le o tid e  
p ro du cts  o f  the re a c tio n .
Dowex Bio Rad on ion (Cl ) exchange re s in  A G 1 x 'i%, 200-400 mesh 
was used fo r  th is  purpose. The dim ensions o f  the column were 
i f . 5 cm x 0 .5  cm d ia m e te r. The re s in  was prepared fo r  use by s e r ia l 
washes w ith  0.1M NaOH, w ate r to  pH 6 .0 , and 0.1M HC1. A f te r  the f in a l  
HCI wash the re s in  was washed w ith  w ate r u n t i l  the pH o f  the e f f lu e n t  
was ap p ro x im a te ly  6 .0 . The column was packed and e q u i l ib ra te d  w ith  
0.01M HCI u n t i l  ready fo r  use.
The BrdUTP p re p a ra tio n  was then ap p lie d  lo  the column and e lu ted  
w ith  a l i th iu m  c h lo r id e  g ra d ie n t c o n s is tin g  o f the f t  1 lo w in g :
M ixing vesse l : 100 ml 0.01H HCI
R eservo ir : 100 ml 0.0IM HCI, 1M L iC I .
D uring e lu t io n  the column was connected to  the LKB U vlcord continuous 
flo w  system to  m on ito r UV a b s o rp tio n . A con s ta n t f lo w  ra te  o f  I m l/m in 
was m ainta ined using a LKB V ariope rpex p e r is t a l t i c  pump. This was 
fo llo w ed  by a f r a c t io n  c o l le c to r  and f ra c t io n s  o f  10 ml were c o lle c te d .
The g ra d ie n t e lu t io n  p a tte rn  is  shown in  F igu re  7 . Four d is t in c t  
peaks were observed which were la b e lle d  a , b, c and d . Each fr a c t io n
was examined between the w ave-leng ths o f  230 to  3'?0nm. Spectra o f
some o f the component f ra c t io n s  in  poaV  a , b, c and d a re  shown In 
F igu re  8 . Brom odcoxyurldlno nu c leo tide s  absorb m axim ally d t  279nm 
whereas u r id in e  n u c lc o lid e s  absorb m axim ally au ?.60nm. This 
d if fe re n c e  in  a b so rp tio n  maxima was taken as a c r i t e r io n  o f  convers ion  
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From f ig u r e  8 11 can be seen th a t F rac tion s  taken From peaks a, 
b and c e x h ib i t  d i s t in c t  maxima a t 279nm whereas peak d does no t have 
an a b so rp tio n  maximum a t th is  w ave length . I t  was concluded th a t 
peaks a, b and c co n ta in  brom inated u r id in e  nuc leos ides and peak d 
does n o t. The re fo re  peak a con ta ined the BrdliMP, peak b BrdUDP and 
peak c BrdUTP because o f  the inc re a s in g  m agnitude o f  the ne ga tive  
charges on each n u c le o tid e . This Is  a ty p ic a l p a tte rn  o f e lu t io n  fo r  
a m ix tu re  o f nu c leo s ide  mono, d l and tr ip h o sp h a te * From an anion 
exchange column (Sm ith and Khorana 1958). On th is  basis fra c t io n s  
10, I I ,  12 and 13 were considered to  be pure BrdUTP. A l l  fo u r 
f ra c t io n s  were combined, n e u tra liz e d  w ith  tr lb u ty la m ln e  and lyo p h y liz e d . 
The L iC l was subsequently removed by washing f iv e  times w ith  1 ml 
p o r tio n s  o f a 1:1 ethano l -ace tone m ix tu re . The BrdUTP remained 
und isso lved d u rin g  th is  procedure. A f te r  the f in a l  e tha no l-a ce to ne  
wash the p re p a ra tio n  was washed w ith  e th e r and was a llow ed to  evaporate 
to  d ryn ess. The product was then d isso lve d  in  1 ml o f  d i s t i l l e d  w ater 
and 5ul o f  th is  sample was d i lu te d  in  3 ml o f  d i s t i l l e d  w a te r. The 
e x t in c t io n  o f  1 ml o f  th is  s o lu t io n  was de term ined a t 279.5nm and was 
found to  be 0 .2 2 . The g o f the to ta l BrdUTP p re p a ra tio n  was then 
c a lc u la te d  and was Found to  bo 132. The m olar e x t in c t io n  c o e f f ic ie n t  
{>) o f  BrdUTP was taken as 8500 (Kornberg and Russel 1971). The re fo re  
the m o la r ity  (—) o f BrdUTP was c a lc u la te d  as 15.5iimcilc/1 m l. Since 
the I n i t ia l  amount o f  dUTP used was O.lmmolo the y ie ld  o f  BrdUTP was 
15.5*
The o p e c tm p h o lo m u tiic  p ro p e rtie s  o f  the dUTP rea c tan t and the 
BrdUTP product ore compared w ith  r e s u lts  from o th e r la b o ra to r ie s . As 
shown In Table I dUTP has hern s u c c e s s fu lly  converted to  BrdUTP du rin g  
the above procedure.
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Table I . S p ec tra l p ro p e rtie s  o f dUTP and BrdUlP
Spec pH pH 12
pmp.1
3 4 2 4
X Max 262.5






1.77 1 ■ 1 .9 ! 1.77 1.61 1.35
Columns headed 1-4 correspond to the key below:
1 . Be sman et: a l . (1958)
2 . Kornberg and Russel (1971)
J . R ile y  and Paul (197!)
4. P resent re s u lts
An a d d it io n a l chock on the p u r it y  o f  the BrdUTP was perform ed using 
th in  la y e r  e le c tro p h o re s is . Merck T .L .C . p la te s  coated w ith  S i l ic a  
Gel 7254 were spo tted  w ith  lOgg samples o f dUlP and the  prepared BrdUTP 
( In  lOul and In I re s p e c t iv e ly ) . The p la te s  were run in  0.05M borate 
b u ffe r  pH 9-4 a t  700 v o l ts  fo r  90 m in utes , and f i n a l l y  d r ie d  In a warm 
oven. The n u c le o tid e s  were loca ted by a b so rp tio n  o f  u l t r a v io le t  l i g h t .  
Both the dUTP and BrdUTP p re p a ra tio n  npponm l as d i s t in c t  s p o ts , showing 
homogeneity o f  both m olecu lar s p e c ie s . The BrdUTP p re p a ra tio n  had
moved s l ig h t ly  fu r th e r  than the dUTP. T h is  r e s u lt  suppo rts  the  con­
c lu s io n  th a t the dUTP has been converted to  BrdUTP s ince halogenated
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n u c le o tid e s  m ig ra te  fu r th e r  than th e ir  non-halogenated c o u n te rp a rts  
in  a bo ra te  b u ffe r  o f  pH 9 (Sm ith 1969). The above procedure was 
adapted from the method de scrib ed by Dunn and Smith (1954 ). The 
c a l f  thymus DMA polymerase assay system was used to  dem onstrate 
th a t the product BrdUTP cou ld rep lace dTTP In  DMA s y n th e s is . See
2.4  A r id lt io n a l ma t e r la ls
C ry s ta ll is e d  Bovine Serum Albumin (BSA) was ob ta in ed from  Armour 
Pharm aceutica l Company, Eastbourne, England.
PPO and PtHUP were o b ta in ed  from  Packard Instrum ent Company, 
I l l i n o i s ,  U.S.A.
2.5  Enzyme assays
DMA polymerase and RNA polymerase a c t iv i t i e s  were de term ined by 
m easuring the amount o f  ra d io a c t iv e  de oxyrlbo nu c leo s id e  or 
r ib o n u c le o s id e  5 '- t r ip h o s p h a te  inco rp o ra ted  in to  polymer DMA o r RNA 
re s p e c t iv e ly .  These assay systems were based on a method o r ig in a l ly  
developed by Bollum (1959)- In th is  in v e s t ig a t io n  a l l  enzyme assays 
were perform ed In e ith e r  d u p lic a te  o r  t r i p l i c a t e .
2 .5 .1  In cub atio n  c o n d itio n s
The incu b a tio n  c o n d itio n s  va r ie d  acco rd ing  lo  the* requirem ents o f 
each enzyme and the requirem ents o f  sr. c l f i c  experim en ts . The most 
fre q u e n t ly  used In cub a tio n  co n d it io n s  w i l l  be described below and 
de pa rtu re  from  these, fo r  s p e c if ic  purposes, w i l l  be described 
to ge the r w ith  the re s u lt s .  The re a c tio n  m ix tu re  con s is ted  o f 3 basic 
components; a spe c ia l m ix tu re  (SM), a n u c le o tid e  m ix tu re  (NM) and an 
enzyme p re p a ra tio n . When these components were combined In the 
a p p ro p r ia te  p ro p o rtio n s  the  op tim a l c o n d it io n s  fo r  the enzyme assay 
were a t ta in e d .
w .
The SH con s is te d  o f  T ris -H C l b u f fe r ,  re le v a n t io n s , su lp hyd ry l agent 
and p rim e r DNA.
The n u c le o tid e  m ix tu re  con ta in ed the a p p ro p r ia te  nu c leo s ide  5 ' - t r ip h o s ­
phates one o f w hich was r a d io a c t iv c ly  la b e lle d . This procedure w i ! I 
be de scrib ed In d e ta il  fo r  the assay o f  c a l f  thymus DNA polymerase.
For the m ic ro b ia l DNA polymerase and RNA polymerase assay the s tandard 
c o n d it io n s  o n ly  w i1! be de scrib ed .
A. C a lf thymus DNA Polymerase
The s tandard assay c o n d it io n s  fo r  c a l f  thymus DNA polymerase are 
described in  Tab ic 2, and art; based on the system o f Shepherd and Kei r 
(1966). The d e ta ile d  com p os ition  o f  the SH and NM fo r  10 enzyme assays 
are shown in  Tab le 3-
Table 2 . Standard assay c o n d it io n s  fo r  c a l f  thymus DNA polymerase





C a lf thymus DNA {he a l denatured) 53ig
dATP, dTTP, dGTP 0.2mM o f  each
and (^H)dCTP o f  s p e c if ic  
a c t iv i t y  2 x 10^ c .p .m ./u m o le  
Cat f thymus enzyme fr a c t io n  153inj o r p ro te in
Tota l assay volume 0.25 ml
Temperature 37°C
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Table 3 ■ Compos! ulon o f  the SM and NH fo r  the standard C a lf thymus 
DMA polymerase assay 
Specia l M ix tu re  (SM)
Stock ml o f  f to c k  Soln. 
So ln. per 50 assays
T ris -H C I pH 7.5 Stimoles
1 Stimoles 0.15
0.1n#ioles 0.1M 0.01
MgC12 1pmo1e 0.5M 0.02
1 .ZSpmoles 0.5M 0.025
C a lf Thymus DNA prim er SOti'J 5 mg/ml 0.30
H20 ( d is t ) Q.2l"r
1.0 To ta l volume
N uc le o tid e  M ix tu re  (NM)





Hz0 ( d ls t . )
SOnmole.s
0.5 To ta l v o l.
Tab le  3 (C e nt.)
The com position  o f the incu b a tio n  m ix tu re  Is  described below:
Tota l volume 0.25
The components were added In  the o rd e r shown above to  10 ml co n ica l 
c e n tr ifu g e  tubes o r  3 ml te s t tu be s . A f te r  the a d d it io n  o f the 
enzyme the tubes were tapped and im m ediate ly Incubated In a shaking 
w ate r ba th a t 37°C. A f te r  In cu b a tio n  the re a c tio n  was te rm inated 
by fre e z in g  in  a d ry  ice -ace tone m ix tu re . The c o n tro l tubes were 
no t Incubated bu t d i r e c t ly  froze n In  a d ry  Ice-acetone m ix tu re .
B M. ly s o d e ik tic u s  and E. c o l i  PNA polymerase
The standard assay c o n d it io n s  fo r  H. ly s o d e ik tic u s  and E. co l I 
a re  desc iIbed In  Table k and are based on the incu ba tion  m ix tu re  used 
by Zimmerman (1 9 6 6 '. The use o f  T ris -H C I b u ffe r  a t pH 7.9  was based 
on the optimum v n ,u e , g iven by Zimmerman. T h is  pH was used ins tead 
o f the usual pH o f  T .k ,  so th a t the co n d it io n s  could be m aintained 
fo r  the seq ue n tia l DNA and RNA assavs described In S ection  2 .5 .1  D. 
The c o n tro l tubes were not Incubated but d i r e c t ly  froze n  in  a d ry  
ice -ace tone m ix tu re .
Table 4 . Standard assay c o n d it io n s  fo r  M. ly s o d e lk tic u s  and 
E ■ co 11 DNA polymera -js
T r!s-H C i b u ffe r  pH 7.3  
MgCl2
Poly(dA-dT)
dATP, dTTP and o r  BrdUTP 
DNA polymerase 
T o ta l volume 
Temperature
The I so to p ic a l ly  la b e lle d  n u c le o tld u ; 
(^H)dATP o f s p e c if ic  a c t iv i t y  
(^H)dTTP o f s p e c if ic  a c t iv i t y  
( '  'c)dTTP o f s p e c if ic  a c t iv i t y
66.7mH
0 .3mM o f  each 
0 .02 -5  u n its  
0 .2 5 -0 .3  ml 
37°C
. ..id  In  these assays wore:
6-8 x 10 ’  0 .p . ../,1110isi 
6 -7 x 105 c .p .m ./p m o le  and 
17-20 x 10^ c .p .m ./p m o le
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C E. co l i RNA poly, .erase
The s tandard assay c o n d it io n s  fo r  £ . c o l l  RNA polymerase are  
de scrib ed in  Tab le 5. These co n d it io n s  were m od if ie d  from those 
used by L i 11 e t a 1 . 0 9 7 0 ) .  The c o n tro l tubes were no t Incubated
but d i r e c t ly  frozen in  a d ry  Ice -acetone m ix tu re .
Tab le 5 . Standard assay co n d it io n s  fo r  E. co l 1 RNA polymerase
T rls -H C l B u ffe r  pH 7-9 SOmM
HgCl2 8mM
MnC!2 2mM
Poly(dA-dT) o r  Poly(dA-BrdU)
UTP, { ,I|C)ATP o f s p e c if ic  a c t iv i t y
2 x 10^ c .p .m ./n m o le O.StaiM o f each
RNA polymerase 0.3 u n its
T o ta l assay volume 0.25 ml
Temperature 37°C
D RNA polymerase assay preceded by DNA polymerase a c t io n
This experim en ta l te chn iq ue was developed to  s tudy the a b i l i t y  o f 
RNA polymerase to  form Po ly(A -U ) on DNA tem plates c o n ta in in g  va ry ing  
amounts o f BrdUTP, DNA polymerase a c t io n  was fo llo w ed  by seq ue ntia l 
RNA polymerase a c t io n  In  the same In cub a tio n  tube. Thus a f te r  DNA 
polymerase a c t io n  the requirem ents For RNA polymerase wore added to  
the re a c tio n  m ix tu re  to  s tudy the tr a n s c r ip t io n  o f the DNA polymerase 
pro du c ts .
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The s tandard DMA polymerase in cu b a tio n  c o n d it io n s  are  described 
In Tab le 6. The incu b a tio n  pe rio d  was fo r  180 m inutes, 10 ml 
co n ica l c e n tr i fu g e  tubes were used co reduce e va po ra tio n  losses.
Tab le 6 . Standard assay co n d it io n s  fo r  DNA polymerase a c t io n
Tris-HC1 b u ffe r  pH 7,9 80mM
MgCl2 2 .5mM
1.05mM
P oly(dA-dT) o r  Poly(dA-BrdU) 0 .1 -0 .2  u n its
0.5mM
dTTP and o r  BrdUTP 0.5mM to ta l
DNA polymerase 5 -5 .3  u n its
T ota l assay volume 0.2 ml
Temperature 37°C
These c o n d it io n s  were m o d if ie d  s l i g h t l y  compared w ith  those 
described in  Tab le 4 in  o rd e r to  approach more c lo s e ly  the re q u ire ­
ments fo r  the subsequent RNA polymerase In cu b a tio n .
A f te r  the DNA polymerase incu ba tion  1.7umolos MgCI g, 0.6|imoles 
MnC12 1 160|imoles UTP, iSOnmolcs (^C )ATP and 0.413 u n its  o f  RNA 
polymerase were added to  the re a c tio n  m ix tu re  In a to ta l v o lt  o f
0.1 ml to  f u l f i l  the requirem ents fo r  RNA polymerase a c t io n . This
y ie ld e d  the RNA polymerase incu b a tio n  co n d it io n s  described In Table 7-
Because o f the com p le x ity  o f  the procedures used In  th is  assay the
d e ta ile d  com position  o f  1'ie DNA polymerase incu b a tio n  m ix tu re  and RNA 
polymerase a d d it io n s  are described in  Table 8 and Table 9 re s p e c t iv e ly .
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Standard assay co n d it io n s  fo r  RNA polymerase when 
preceded by DNA polymerase a c t io n




UTP, (^C )ATP s p e c if ic  a c t iv i t y  o f
2 x 10^ c .p .m ./yn to le  D.SJmM
RNA polymerase 0.413 un
T o ta l assay volume 0.3 ml
Temperature 37°C
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Tab ic 8 . Com position o f  the SH and NH fo r  the DM polymerase assay 
Specia l M ix tu re  (SH)
Components g " ml o f  Stock So ln. per 10 assays
T ris-H C I pH 7-9 l6|imoles 
MgC12 0.7Mmoles 
ETSH 0.2ll>moles 
Poly(dA-dT) o r  (dA-BrdU) 0 .1 -0 .2  u n its  








N uc le o tid e  M ix tu re  occ assev
" " " U T : '!
ml oT Stock Soln.
dATP lOOnmoles 
dTTP an d /o r BrdUTP as req u ired
to ta l lOOnmoles
H20 ( d ls t . )
5 .0 ,« as req u ired  
to ta l  0.02 ml
0,05 to ta l/a s s a y
C om position o f ttio  comnloted In cub a tio n  ml x tu ro




Tab le 9 . A d d it io n s  fo r  RNA polymerase a c t iv i t y
Components per ossay (A d d !tlo n ) Stock So 1 n .






0.1 T ota l volume
N ucleo tide M ix tu re
Components per assay Stock Soin.




l60umo1es f |. OmM
0.4
0.4
0 .8  T ota l volume
Compos i t  loti  o f  the comnletcd 1 n cubatlon m ix tu
Volume (m l)
MgCt2 + HnCI2 0.01
N u c le o 'Id c  M ix tu re  0.08
RNA polymerase 0.01
0.1 ml T ota l
2 .5 .2  Aiia I y t  S ca 1 techniques 
P o lyn u c lu o tld o  syn the s is  was cs lim a ted by de te rm in in g  the 
In c o rp o ra tio n  o f  an I so lop  I cn 11 y lab e l lud nu c leo s ide  5 1‘ monophosphate 
from I ts  trip h o sp h a te  form In to  a c id - In s o lu b le  products acco rd ing  to 
the method o f  Bo Ilum  (195 9), wl th  s i Ig h t  m o d if ic a t io n s .
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The froze n  assay m ix tu res  were tha-iud and 0 .0 r  ml o f  BSA (2 mg/ml 
in  w ate r) were added to each tube as c o - p re c ip ita n t .  A liq u o ts  o f  
0.05 ml were taken from  each tube and p ip e tte d  on to d is c s  o f  
Whatman (2 .5  cm d ia m e te r) GF/C g la ss  f ib r e  paper. D up lica te  d lscs  
were prepared fo r  each assay tube. Each d isc  was im m ediately 
plunged in to  a beaker o f  co ld  5% (W/V) TCA. This re s u lte d  In 
p r e c ip i ta t io n  o f  la b e lle d  p o ly n u c le o tid e  and p ro te in  on to the d is c . 
There is  no e: -.hange o f  la b e lle d  pro du c t among d iscs  in  th is  system 
and consequently many d iscs  may be processed to ge the r in  th is  way.
A volume o f  20 ml $Z TCA was prov ided fo "  each d is c . A f te r  a minimum 
p r e c ip i ta t io n  time o f  5 m inutes the TCA was decanted and rep laced 
w ith  fre sh  co ld  5% TCA. T h is  procedure was repeated f iv e  t im e s . 
Residual TCA from the la s t  wash was removed by successive washes In 
a b so lu te  a lco ho l and e th e r. The d iscs  were then rep laced 
in d iv id u a l ly  in  potassium  fre e  g la ss  v ia ls  and vacuum dess ica te d  to 
remove re s id u a l w a te r. To each v ia l  10 ml o f  co ld  s c in t i l l a t io n
f lu id  was then added. The s c in t i l l a t io n  f l u id  was made up o f hg o f
PRO and O .lg  o f  P0P0P per l i t r e  o f  to lu en e . The v ia ls  were then 
counted In a Packard T r l-C a rb  L iq u id  S c in t i l la t io n  Spectrometer 
(model 3320). Each v ia l was counted fo r  th ree periods o f 10 minutes
fo r  ('Vj and 3 pe rio ds  o f  20 m inutes fo r  (^11).
The s p e c if ic  r a d io a c t iv i t y  o f  the s u b s tra te  nu c leo s ide  5 '*  
t r ip h o sp h a te  used In  each assay wos determ ined as fo llo w s !
0.1 ml o f  a p p ro p r ia te ly  d i lu te d  ra d io a c t iv e  s u b s tra te  was p ip e tte d  
on to  two d is c s  which were d r ie d  and counted to ge the r w ith  the 
experim enta l samples In each assay. A 1 n a b lank d is c  c o n ta in in g  no
a d d it io n s  was o c c a s io n a lly  sub jecte d  to  the TCA wash. Such d iscs  d id
no t e x h ib it  counts h ig he r than background. T h is  dem onstrates th a t
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th e re  was very  l i t t l e  a b so rp tio n  v : un inco rp o ra ted  la b e lle d  n u c le o tid e  
on to  the d is c s  d u rin g  p re p a ra tio n .
D u p lica te  d is c s  were taken from each assay tube and each assay 
was perform ed e ith e r  In t r i p l i c a t e  o r  d u p l ic a te . The re fo re  a 
maximum o f  6 d is c s  o r  a minimum o f  4 d iscs  were counted fo r  each 
assay. These r e s u lts  were averaged to  de term ine the polymer p ro d u c t. 
T h is  average was expressed as cou n ts /tn in u te /a ssay ( c .p .m ./a s s a y ) , and 
was converted to nmoles o f  Is o to p lc a l ly  la b e lle d  nu c leo s ide  $ ' -mono­
phosphate In corpo ra ted in to  ac id  in s o lu b le  product per assay.
3- RESULTS
3.1 Assays o f  DNA polymerase and RNA polymerase
The i n i t i a l  work was c a r r ie d  ou t to  e s ta b lis h  v a l id  standard assay
c o n d it io n s  f o r  the b a c te r ia l polymerases used. These c o n d itio n s  
were used th roughout the s tudy except where o the rw ise  s p e c if ie d . I t  
should be noted th a t the b a c te r ia l polymerases were i n i t i a l l y  assayed 
to  ensure th a t they were o f  the a c t iv i t y  and c o n ce n tra tio n  s p e c if ie d  
by the m anufactu re rs and th a t they had re ta in e d  a c t iv i t y  du rin g  
t ra n s p o rta t io n .
The c a l f  thymus DNA polymerase was used to  e s ta b lis h  th a t the BrdUTP
prepared in  th is  s tudy (see S ection  2 .3 -3 )  was inco rp o ra ted  In to  a c id -
in s o lu b le  po1vdeoxynucI co t 1 do in  a DNA polymerase ca ta lyzed  re a c tio n , 
as de scrib ed in  S ection  3 -2 . The reason fo r  us In^ c a l f  thymus e x t ra c t 
In  o rd e r to  check BrdUrd In c o rp o ra tio n  was due to  th is  la b o ra to ry 's  
experience w ith  the assay o f th is  enzyme.
3 .1 .1  DNA polymerase from c a l f  thymus g lo  
The p re p a ra tio n  o f  the s o lu b le  f r a c t io n  c o n ta in in g  DNA polymerase 
was described In  S ection  2 .1 .1  C. Thu incu b a tio n  c o n d it io n s  were as 
described in  S ection  2 .5 .1  A Table 2, The tim e course o f c o l f  thymus 
DNA polymerase ' i v l t y  Is  shown in  F igu re  $ which in d ic a te s  th a t
the assay syste, . l in e a r  over on in cu b a tio n  p e rio d  o f 0 to  60
m in utes . A 30 and 60 m inute incu b a tio n  p e rio d  wa, chosen fo r  the 
experim ent w ith  th is  enzyme.
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rime Cimrsi; o f DNA jwlytnciMii; i'c l i vi ty o f c.) I f thymus c x lro c l. 
Thu cnmiidnpius o f ll ie  rc n c llo n  m ix lu r r  woro mnde up as 
dc'.t r l l ' i 'd  in  S '-clUm  ?,=>.! A .'  l. ih lv s  2 .iml } ,
' i l v  i i-.H.t inn m ix lu ii ’ t . f ii i I i i iK 't I In m l, SH, O.ZmH Vrieh o f
(IA1P, <]r,m, (II iP <nvl ( 3II)<JC'IP, ,ind I53u(| p i t , lo in  o f  c a l f  
thymus enzyme* f i. ic L io n .
Th-- f.pi’ r  I f i  c i-iitl l o n c i lv l  ly  o f the (^lOdCIP vms 7.2 x 10^
  .
In i.uh iil Inn v/iii ( i l l  r id !  on I - i l  j  / “ C.
I h r I "s i l l  I-, .11" ,ni nv i'i <i'i" n l |wo -i'.'..iys <-,u Ii ,mrl I ho c tm lro i
The r - la t io n s h ip  between the co n c e n tra t io n  o f  enzyme and the
synthe s is  o f  p o lydo oxyn uc leo tlde
The enzyme c o n ce n tra tio n s  were chosen to  e s ta b lis h  the le v e ls  a t 
which thv amount o f  p ro du c t was p ro p o rtio n s ' to  enzyme co n c e n tra t io n .
As shown In F igu re  10, the l in e a r i t y  between product formed and 
enzyme c o n ce n tra tio n  was in  the reg io n  0.00 to  0 .1! u n its  o f  enzyme. 
Specimen ; m lcu la t lo n
An examp'e o f the c a lc u la t io n  o f  nmoles o f  I so top  lea I l y  la b e lle d  
n u c le o tid e  in c o rp o ra tio n  : n to  a c id - in s o lu b le  pro du c t per assay per 
30 m inutes ( i . e .  nmoles/assay) Is  iown below.
In  th is  p a r t ic u la r  assay 0.21 u n its  o f  DNA polymerase was used 
per 0 .35 ml f in a l  volume o f re a c tio n  m ix tu re . Two samples o f  0.05 ml 
were taken fo r  a n a ly s is  and each sample was read th re e  times fu r  
10 m inutes.
Counts per 10 m ln, 6276 + f-507 + 6308 + 6176 + 6215 + 6329
“  37811
Average counts per 10 m ln . : 6302 
Counts per m ln . (c .p .m .)  ' 630.2
c .p .m . o f  the c o n tro l 79.5
Thus the co rrec te d ■- 550.7
c .p .m . per assay 305,i -9 ( I . e .  co rre c te d  c .p .m . x 7)
The s p e c if ic  r a d io a c t iv i t y  o f  the (^C )dTTP su b s tra te  n u c le o tid e  was 
19066 c .p .m ,/nm o le
nmoles o f  ( ' ,|C)d!MI> In corpo ra ted per assay per 30 mln 
3 8 5 'i.9/19066
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F igu re  10: The i In lio n s h ip  b 'itw ren the ccincen trn  t i on o f  H. 'y s o d c lk t ic  
niul ’ ho syn ih i-'i I •. u ( p<' I >ik 'iixym ie I vo l I tieONA p.i I ynn
Tin1 compoii'M ii■, o f  tlu i rc .icL ion  m ix lu ro  in  0.3 '‘ I were os 
ile sc r ih e il In Suet Inn 2.5-1 0 T.ihle <1 onrl con to I nod SH,
0,1 mi I m  |)oly(<JA-<ir) , 0,3ni{t eoeh o l tlATP and ( *f|C)dTTP nnd 
ti ti rynw .is ‘.hoirn,
m llu o c l Iv I ty  c l  ( " 'O d IT P  won ly  x 10
c.p.in ./iiiiK ile,
Inctili.i I ion  w .ii t . i r r le . l  cm. . 
The con I in  I Lulje cnn l.i Ined i




The r a d io a c t iv i t y  inco rp o ra te d  in  the po ly (d A -dT )-p rim e d  assay was
c o rre c te d  to  g ive  the to ta l n u c le o tid e  in c o rp o ra tio n  by m u lt ip ly in g  ,
by 2. |
Thus 0.21 u n its  o f  DNA polymerase a c t iv i t y  caused the ,
in c o rp o ra tio n  o f  0.40 nmoles o f  to ta l n u c le o tid e  in to  the a c id  i
in s o lu b le  product du r in g  30 m inutes o f  in cu b a tio n .
Acco rd ing  to  the  d e f in i t io n  o f  u n i t  a c t iv i t y  and the s p e c if ic a ­
tio n s  o f  M ile s  L a b o ra to rie s  1 u n i t  o f  enzyme should cause the 
in c o rp o ra tio n  o f  10 nmoles o f  to ta l  n u c le o tid e  in  30 m inutes.
The above c a lc u la t io n  shows th a t 5 .2  u n its  were in  fa c t req u ired  
fo r  the in c o rp o ra tio n  o f 10 nmoles o f  to ta l  n u c le o tid e . This 
d iscrepancy w i l l  be cons ide red in  S ection  4.
These re s u lts  in d ic a te  th a t 5 u n its  o f  enzyme per assay were 
adequate to ca ta ly z e  the  fo rm a tio n  o f s ig n i f ic a n t  q u a n t i t ie s  o f 
la b e lle d  p ro d u c t. T h is  amount o f  enzyme was r o u t in e ly  used fo r  the 
s yn the s is  o f  p o lyde oxyn uc leo tide s  in  systems described la te r  
(S ec tio n  3 .3 ) .
The r e la t io n s h ip  between the co n ce n tra tio n  o f PNA-priiner and the 
a c t iv i t y  o f  M, ly s p d c lk t lc u s  DNA polymerase
To e s tim a te  the minimum co n ce n tra tio n  o f  prim er req u ire d  fo r  
maximum de oxynuc leo tide  in c o rp o ra tio n  M. 1y s o d o Ik ticu s  DNA polymerase 
was assayed in  the presence o f In c re as in g  c o n ce n tra tio n s  o f 
p o ly (d A -d T )-p r in ic r. From F igu re  I I  i t  can be seen th a t p roduct 
fo rm a tio n  reaches a p la tea u  between 0.1 and 0.5 u n its  o f  p o ly (d A -d T ),
T he re fo re , 0 .1 -0 .2  u n its  o f  po ly (d A -d T )-p r im c r was chosen fo r  a l l  
assays o f  th is  study except those o f S e c tion  3 .3 .5 .
0 (>.! I).:! l>-3 o . ' i  0 . 5
I’n ly  ((IA -r) l) cntici-tU rn L’Min ( n u ll )
F igu re  11: Tlic r t - l. it  in n sh ip  bt'twocn Ihc c o n c o n irn Iio n  oT ONA-primor and
Iho f l c l l v l i y  o f M. ly s m lo lk t i m s DMA polym prosc.
The c.timiiniH'ni s m ' t in ' r i ' i i fU o n  n iix iu n ' I n 0.1 ml won' ns 
t io s c r Ih i’ il in  St’c t iu n  2 .5 ,1  U in b lo  h and cniunlnoci SH,
p o ly ( t lA - in )  ,ts slv'wn, 0 .3"iM e.ich (IA1P and {^ 'c jc llT P  and
0.21 un flB  o f  [y s m fc lk tfM is  ONA |» ily itiv i" iisv .
II;,' ■ .p .'c ir ii rm l I t w  11 v 1 ly  o f  I' w.is I /  x IQ3
v .p .m ./n m o l, ',
l itco lw i Inn iv,i«, t.iii r l f d  out i i i  3 7°C fo r  ID mhi iHoa.
Iho c f> n ltn l t uhr r:on L<i I noil no p r ln io r.
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3 .1 .3  DMA polymerase from  E_^_co]_L 
The re la t io n s h ip  between the co n c e n tra t io n  oF E. co l I DNA 
polymerase and the syn th e s is  o f  po1ydeoxynuc1 c o t id o  was s tu d ie d  using 
an enzyme p re p a ra tio n  w ith  a s p e c if ie d  a c t iv i t y  o f  l l k \  un its /m g  
p ro te in .  As shown in  F igu re  12, l in e a r i t y  between pro du c t fc.med 
and enzyme co n ce n tra tio n  was In the reg io n  0.02 to 0.75 u n its  o f  
enzyme.
The a c t iv i t y  o f  th is  enzyme p re p a ra tio n  more c lo s e ly  approached 
the s p e c if ic a t io n s  o f  I ts  s u p p lie rs  than d id  th a t o f  the 
M. ly s o d e lk tic u s  p re p a ra tio n . However, the  le v e ls  o f  a c t iv i t y  o f  both 
p re p a ra tio n s  were very  s im i la r .  Consequently 5 u n its  o f  enzyme were 
r o u t in e ly  used (S ec tio n  3 .3 ) .
3 . t.A  RNA polymerase from  E. co l I 
A tim e course o f E. co l 1 RNA polymerase a c t iv i t y  is  shown in 
F igu re  !3 • An average o f these re s u lts  gave an In c o rp o ra tio n  o f 
O.89 nmole o f (^C)AMP In corpo ra ted  in  10 m inutes using 
p o ly (d A -d T )-p r im e r, th is  Is  e q u iv a le n t to  ap p ro x im a te ly  742 un its /m g 
p ro te in .  The m anufacturer s p e c if ie d  an a c t iv i t y  o f  29k uni ts/fflg
As M ile s La bo ra to rie s  used c a l f  thymus DNA-orlmer w h ile  in  th is  
case pol y (dA -d T )-p r imer was used, the resu l lie d i r e c t ly
compared. However, i f  th is  d iffe re n c e  Is  t. account the
h ighe r enzyme a c t iv i t y  ob ta in ed Is  w l lh ln  l!ic  expected magni lude when 
to ta l n u c le o tid e  in c o rp o ra tio n  Is  ca lc u ln  le d . As 0.3 u n its  o f  enzyme 
per assay was found to  be adequate to  c o to lyzo  the fo rm a tio n  o f 
s ig n i f ic a n t  q u a n t i t ie s  o f la b e lle d  p ro d u c t, th is  amount o f  enzyme was 
ro u t in e ly  used In  RNA polymerase assays.
6 k .
I r , i t  ion  (uni t)
The rn ln U o n s h lp  bolwoon Llic conc.cncm  I:Ion o f  E. co l 1 ONA 
polyjiH iiiTiu and the syn ih o s is  o f  p o ly d r tix y n u c li'o U d e . 
rhe cdiiii’riH’ Ml ■. n l Ih r  i 'im i 'I io i i  i . i ix l i i fn  in  0.3 ml wi’ rc os 
dp s t.r llu 'f l in  S o rlto n  2 ,5 .1  U ta b le  k , nnd con ta in ed SM, 0 . 1 
nnll>< t.r  |'f> ly (d A -d l) , O.jinfi pach o f (IATP nnd ( ' \ ) d T T P |  and 
civyim- •i’. shown.
I In' spi'c i f 1 r  r-id l u . ic t iv i  ty  o f { '^ O d N P  w,is 20 x 10^ 
c .p .m ./n rs il c.
Innitie il Ion w.is t ,n i Ird  out t i l 3ynC; fo r  30 n iim ili-s . 
rim e m ii r o l  luht- t.o n ia l n<'d nn cn/ymc.
6 5 .
F igu re  I 3 i
Time (m in ,)
Thfip course o f  E , c o l l  RIJft pulymnrnse a c t iv i t y .
Il ie  cmm| 'im i-iUs Ml" I lie I'im c I ion m ix I l ire  were ,is (le sc rlln 'd  
I n Sec, I I 'in  7 . ') . l  C Tcible |i, ,iitcl ccintn I nvil In 0.25 ml SM, 
0.7- m ill* , o f  | jr> ly (ilA -c ir) , O.GIiniM each o f  UTP and ( |!|C)ATP 
, irid 0.3 m il ls  o f  enzyme.
The <,[iei:i f i r .  rod I on c t I v I ly  u I (* lC )Ari) w.is 1.3 x 10^ 
c .p .m ./m iio le .
In c iiliiit Inn wns c a r r ie d  o u t a t  37°C fo r  the In d ica ted  time 
I n lnrvci Is .
Each p o in t on the. curve Is a mean o f  2 assays,
The c o n tro l tube was n o t In cubated.
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3.2  The In c o rn o ra iio n  uT QrdlUHP in io  ONA us ing  cn 1 T ihym'.is 
DNA polymeraso and c a l f  thymus DMA prim er 
C a lf thymus ONA polymerase was assayed using c a l f  thymus DNA as 
prim er and the fo u r  deoxynucleoside 5 l - tr lp h o s p h a te  s u b s tra te s , 
dATP, dGTP, dTTP and (^H)dCTP. In some assays BrdUTP was s u b s titu te d  
e i th e r  In p a r t o r  t o ta l ly  fo r  dTTP, to  in v e s t ig a te  the a b i l i t y  o f  
BrdUMP to be In corpo ra ted  In to  the DNA p ro d u c t. The BrdUTP used, was 
th a t prepared by the au th o r as described In S ection  2 .3 .3 . The 
r e s u lts  a re  shown In  Table 10. I t  can be seen th a t in  th is  c a l f  
thymus system BrdUTP can e f fe c t iv e ly  s u b s t itu te  fo r  dTTP. When both 
dTTn and BrdUTP a re  o m itte d  from  the re a c tio n  m ix tu re  I t  can be seen 
th a t the in c o rp o ra tio n  o f de oxyn uc le otid o  in to  DNA product drops to 
51 "54% o f the com plete assay. LTicn dTTP is  t o t a l l y  s u b s titu te d  fo r ,  
by BrdUTP the In c o rp o ra tio n  is  86- 92''; o f  the com plete assay ( i . e .
100% dTTP). In th is  s tudy i t  has thus been assumed th a t w ith in  
5-10% BrdUTP and dTTP a rc  e q u iv a le n t in  in  v i t r o  ONA syn th e s is .
Tab le 10. S u b s t itu t io n  o f  BrdUTP fo r  dTTP in  the c a l f  thymus 
DNA polymerase re a c tio n
R e la tiv e  p ro p o rtio n s  o f 
BrdUTP and dTTP in  Hie 
re a c tio n  m ix tu re
(^ll)dCMP In corpo ra ted  
(nmoh-F/mti p ro le  In )
% o f 100% dTTP
30 m in. 60 m in. 30 m in.
100% dTTP 3 .1 3 7.?0 100
50% dTTP/50* BrdUTP 2.90 7.01 93 97
100% BrdUTP 2.69 6.59 86 92
dTTP, BrdUTP o m itte d 1.61 3 .P 6 S' 5'-
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Table 10 : Conltnuect
The components o f the re a c tio n  m ix tu re  were mode up as described 
In S ection  2 .5 .1  A Tables 2 and 3 , except whore dTTP was rep laced 
by BrdUTP as l is te d  above.
The re a c tio n  m ix tu re  con ta ined In 0.25 m l, SM, 50tig heat 
denatured c a l f  thymus DMA, 0 .2mM each o f dATP, dGTP, dTTP (and o r  BrdUTP) 
and (^H)dCTP and 153l>g p ro te in  o f  c a l f  thymus enzyme f r a c t io n .
In cub atio n  was c a r r ie d  ou t a t  37°C fo r  30 o r  60 m inutes as in d ic a te d .
The s p e c if ic  r a d lo a c t Iv i  ty  o f  the (^H)dCTP was 24.7 x 10^ 
c .p .m ./n m o le .
The values are a mean o f  two assays, The c o n tro l tubes fo r  each
assay typo were no t incubated but frozen in  a dry  ice -acc ton e  m ix tu re .
3.3 The e f fe c t  o f  ONA-prlmers c o n ta in in g  brom odeoxyurid lne 
on po ly(A -U ) syn the s is  
The fo llo w in g  in  v i t r o  system was devised in  o rd e r to  s tudy the 
a b i l i t y  o f  DNA-prlmers c o n ta in in g  BrdUrd to  be tra n sc rib e d  to  p o ly (A -U ). 
The DMA prim ers  were synthes ized in  an In  v i t r o  DMA polymerase 
ca ta lyse d  re a c tio n , and subsequently tra n sc rib e d  by RNA polymerase.
These two re a c tio n s  were s e q u e n t ia lly  c a r r ie d  o u t In the same te s t tube. 
T h is  process was devised to  e lim in a te  the p iucedure o f  f i r s t  is o la t in g  
the products o f  DMA syn th e s is  and then su b je c tin g  them to  t r a n s c r ip t io n . 
A d d i t io n a lly ,  the h igh c o s t o f  '.hi .. i lc ro b io l enzymes used In th is  study 
n e cess ita te d  the use o f m in imal q u a n t i t ie s  o f  m a te ria ls  and henco the 
development o f  the above system. The method used is  described in 
d e ta il  below.
3.3-1 The syn the s is  and tra n s c r ip t io n  o f DNA In a 
s eq ue n tia l system 
The fo llo w in g  re a c tio n s  were designed to  syn the s ize  DNA polymers 
fo r  use as prim ers  in  an In v i t r o  RNA polymerase system.
P o ly (d A -dT ), po ly(dA-BrdU ) and re la te d  polymers c o n ta in in g  va ry -  
ng p ro p o rtio n s  o f  thym id ine  and brom odeoxyurld lne were synthes ized in 
n In  v l t r o  ONA polymerase system. The DNA polymers were then used 
the syn th e s is  o f  p o ly (A -U ), The a b i l i t y  o f  RNA 
form po ly(A -U ) on prim ers c o n ta in in g  va ry in g  amounts o f 
hus s tu d ie d . The system used Is  described sch e m a tica lly
polymerase 
In F igu re  1 
syn th e s is  o
n f the  re a c tio n  (F ig u re  14 (a)) rep resen ts  the 
■ , 01 DNA / j ly m o rs  from a p o ly (d A -d t ) -p rh ie r  In the
presence r-.f DNA p o lym c i-sc , and su b s tra tes  dATP, dTTP and o r  BrdUTP.
In such a system the r a t io  o f  the dTTP : BrdUTP In  the polymer synthesized 
is  de term ined by the r a t io  o f  dTTP : BrdUTP In the incu b a tio n  medium.
The second p a r t  o f  the re a c tio n  (F ig u re  14( h ) ) , which was continued 
In the same incu b a tio n  tube a f te r  the necessary RNA polymerase re a c tio n  
a d d it io n s , con s is ted  o f  the tr a n s c r ip t io n  o f the DNA p ro d u c t, o f  the 
f i r s t  re a c tio n , to p o ly (A -U ).
The re a c tio n s  de scrib ed above and In F igu re  14 w i l l  be re fe rre d  to 
as the seq ue ntia l sysu'w  o r  D IJAj-primer — > DNA1 RNA.
A d d it io n a lly  to d is t in g u is h  the prim er o f  re a c tio n  (a) from  th a t o f  (b) 
the fo rm er is  a lso  de fin e d  as the i n i t i a l  DNA-prim er.
There seemed to  the au th o r to  be th re e  p o s s ib le  In he re n t com p lica­
tio n s  In  the ONA1 RNA re a c tio n  o f  the seq ue ntia l system. Con­
sequently  p re lim in a ry  exam ination o f  both re a c tio n s  o f  the  sequentia l 
system in d iv id u a l ly  and In  sequence was undertaken h i on a ttem p t to 
estab l is ji acceptab le  assay c o n d it io n s . Only then cou ld the e f fe c t  o f 
DNA p r im e rs , w ith  va ry in g  brom odeoxyurld lne c o n te n t,o n  po ly(A -U ) 
syn the s is  be s tu d ied  In  the seq ue n tia l system, The d i f f i c u l t i e s  
inh e re n t in  th is  systnm a rc  o u tlIn e d  below.
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F igu re  14. A seq ue n tia l system fo r  the syn the s is  o f  DMA polymers and 
th e ir  subsequent t r a n s c r ip t io n  to  Poly(A-U)




{180 m ln. a t  370C)
(b) Poly(dA-dT) o r  poly(dA-OrdU) o r  a s u b s titu te d  v a r ia t io i
Mg 4. Mn 
:8 . 2mH MgCl2 + 2 . 1mM MnC!^)
RNA polymerase + DTP + C 'C )ATP 
(30 m ln. a t  37°C)
C )poly{A-U )
R eaction (a) is  the process o f  ONA s y n th e s is  and
re a c tio n  (b) rep resen ts  the t ra n s c r ip t io n  o f  DNA-primers to po ly(A -U ) 
i . e .  DNA| -p rim e r ^  ONA1 RNA. T h is  has been de fined
as the seq ue ntia l system when i t  occurs in  the* snnie incu b a tio n  tube, 
DNA|-prim er rep resen ts  the I n i t ia l  p r im er used in  re a c tio n  (a) and 
ONA1 represents the ONA pro du c t o f  th is  re a c tio n  which Is  a lso  used 
to  prim e the subsequent re a c tio n  l b ) . RNA Is  the product o f  re a c tio n  
(b) and is  always p o ly (A -U ).
x *  In re a c tio n  (a) rc p r i’ ^ u n ij  the amount, o f  BrdUTP in  ihe re a c tio n  
m ix tu re  added in  p lace o f  dTTP, so th a t the  to ta l o f  BrdUTP + dTTP is  
always 100% o f  ihv  p y r im id in e  d cc ixy iiuc lu o tld c  added in  iho re a c tio n  
m ix tu re .
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F i r s t ly ,  the i n i t i a l  DNA-primcr oT re a c tio n  (a) Is always 
a v a i la b le  fo r  p r im in g  In  th e  subsequent t ra n s c r ip t io n  re a c tio n .
I . e .  DNA,-prim er — ^ — > ONA1 — ^ ~ >  RNA
L_______________ _ J
T h is  DNA.-primer may thus mask the a b i l i t y  o f  the DNA products  (DNA1) 
to  be tra n s c rib e d  to  po ly(A -U ) In  the re a c tio n  ( b ) . The e f fe c t  o f  th is  
i n f t f a f  DMAj-prfmer was m in im ized by syn th e s iz in g  in  re a c tio n  (a) a 
much g re a te r  amount o f  DNA1 product than was o r ig in a l ly  p re sen t as 
the I n i t ia l  DNA-prlmer. Thus the In te n t io n  was to  d i lu te  ou t the 
e f fe c t  o f  the D N A,-prim er. See re le v a n t experim ent de scrib ed in 
S e c tion  3 .3 .2 (1 ) .
An a ttem p t was a ls o  mad. co use the  system w ith o u t the  a d d it io n  
Of an I n i t i a l  DNA-prlm er, I .e .  to  u t i l i z e  an unprlmed DNA polymerase 
re a c t io n .  However, due to  in co n s is te n c ie s  found In  the r a te  o f 
s yn the s is  o f  DNA In  an unprlmed system, th is  Idea was abandoned. See 
re le v a n t experim ents described in  S e c tion  3 -3 .2 (5 )  and (6) .
Secondly, I t  seemed p o s s ib le  th a t fre e  d e o xy ru c le o tld e s  not 
In co rpo ra te d  In to  product DNA (DNA1) In  re a c tio n  (a) m ight in te r fe r e  
w ith  RNA polymerase a c t io n  in  re a c tio n  ( b ) . Thus I n f t l a l l y  con d i­
t io n s  were designed to  m in im ize a p o s s ib le  excess o f fre e  
de oxyrlb o n u c le o tld e s  in  the  RNA polymerase re a c tio n . However, the 
re s u lts  o f  an assay de scrib ed In S e c tion  3 .3 .2 (4 )  in d ic a te d  th a t 
deoxynuc leo tIdes do not compete w ith  r lb o n u c lc o tld c s  in  the RNA 
polymerase re a c tio n .
T h ir d ly ,  t i n  DNA1 prim er Tor RNA polymerase syn th e s is  In re a c tio n
(b) Is  a ls o  a subs i r a te  prim er f v r  the DMA polymerase o f re a c tio n  (a ) . 
T he re fo re  to  exclude p o s s ib le  com p e titio n  fo r  DNA1 product between 
RNA polymerase and DNA polymerase d u rin g  re a c tio n  (b) the a c t iv i t y  o f
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DMA polymerase must be e lim in a te d  a f t e r  the syn th e s is  o f  p ro du c t DNA1. 
F o rtu n a te ly  th is  problem  d id  no t a r is e ,  p ro ba b ly  because o f  
In a c t iv a t io n  o f DNA polymerase on a d d it io n  o f  the e x tra  Mg2"1" and o f 
the Mn2"1" req u ired  fo r  RNA polymerase a c t iv i t y .  See the re le v a n t 
experim ents In S ection  3 .3 -2 (2 ) .
3 . 3,2 Assay co n d it io n s  req u ired  f o r  the seq ue ntia l 
DNA polymerase and RNA polymerase re a c tio n s
( I ) The e f fe c t  o f  inc rea s ing  In cub a tio n  tim es 
on d e oxyn uc le o tid c  in c o rp o ra tio n  
The syn the s is  o f  DNA In a DNA polymerase re a c tio n  prim ed w ith  
po ly(dA -dT ) was fo llo w e d  over a long incu b a tio n  p e r io d . The aim 
o f th is  experim ent was to f in d  an In cub a tio n  p e rio d  whore the amount o f  
p ro du c t DNA formed wa= in  g re a t excess o l the i n i t i a l  DNA-prim or.
The de oxyn uc le o tid c  sub s tra te s  were dATP and (^K)dTTP. The in c o r ­
p o ra tio n  r f  (^H)dTMP in to  the product po ly(dA -dT ) was measured. The 
re s u lts  a re  shown In  Table 11 and F igu re  15- The to ta l amount o f 
n u c le o tid e  In corpo ra ted in to  pro du c t appears to  be h ig he r than to ta l 
In pu t o f  nu c leos ide  S '- t r lp h o s p h o te . This w i l l  be discussed in 
S ection  k . I t  con bo seen th a t the assay system Is l in e a r  fo r  
a p p ro x im a te ly  s ix  hours. From these re s u lts  an incu b a tio n  tim e o f  I 80 
m inutes gave a to ta l n u c le o tid e  in c o rp o ra tio n  o f 758nmolos (per 0.9 ml 
assay) which was c a lc u la te d  to bo e q u iva le n t to  ap p ro x im a te ly  300|ig o f  
o f  po ly(dA -dT ) p ro du c t. The I n i t i a l  amount o f  po I y (dA -dT)-pr imer 
used in  th is  In cub atio n  m ix tu re  was ap p ro x im a te ly  I5ug. T h e re fo re , 
th e re  was a 2 0 -fo td  Increase In  po ly  (dA-dT) p ro du c t over p rim er in
An In cub atio n  p e rio d  o f 180 m inutes was se le c ted  fo r  the DNA p o ly ­
merase re a c tio n  o f the seq ue n tia l system, as a 2 0 - fo ld  excess o f  po ly(dA-dT)
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Table \ 1. The ra te  o f  s y n th e s is  o f  po ly(dA-dT)
In cub atio n  
tim e (m1n .)







1200 (o v e rn ig h t) 820
The components o f  the re a c tio n  m ix tu re  in  0.9  ml were 60yirules 
T ris -H C l b u ffe r  pH 7 -9 , 3umoles MgCI^
0.9umoles ETSH, 600 nmoles each o f  dATP and (^H)dTTP,
0.3 u n its  o f  po iy (d A -d T ), !6  u n its  o f  H. 1 ysodei k t  i cus DMA 
polymerase.
(^H)dTTR had a s p e c if ic  r a d io a c t iv i t y  o f  695 c .p .m ./n m o le . 
Incubation  was c a r r ie d  o u t a t  37°C.
A t the  s ta te d  tim e in te rv a ls  two samples o f  SOpl were removed fo r  
a n a ly s is . The d is c s  were a i r  blown to  dryness and kept a t  4°C 
u n t i l  a l l  the samples had been taken. The c o n tro l samples were
taken be fo re  In cub atio n  was s ta r te d .
700 . 
6 M  .
/
(i ioo poo .m
Time (ra in.)
F igu re  ) 5 - The ra fe  o f syn the s is  o f  p o ly  (dA-dT) .
For legend see Table 11.
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product ( i . e .  ONA1) over DNA-primcr ( i . e .  DN A.-prim er) was considered 
to  be o f  s u f f ic ie n t  m agnitude to  m in im ise  the e f fe c t  o f  the DNAj-prim er 
in  the subsequent syn the s is  o f  RNA. Thus the in c o rp o ra tio n  o f 
r ib o n u c le o tid e s  In the RNA polymerase re a c tio n  would be m ain ly  due to  
the p rim in g  o f  the ONA product and n o t th a t o f  the I n i t ia l  DNA-prlmer.
Another fe a tu re  o f  th is  com b ination o f  s u b s tra te  co n cen tra tio n  
and in cu b a tio n  time was th a t th e re  was a lm ost to ta l in c o rp o ra tio n  o f 
deoxynucleoslde 5 ' - trip h o sp h a te  s u b s tra te . Consequently the amount 
o f  f re e  dnoxynuclootides. presen t In the subsequent RNA polymerase 
re a c tio n  was a lso  m in im ized.
(2) A p re lim in a ry  s tudy o f  the DNA and RNA sy n th e tic  
re a c tio n s : Complete seq ue n tia l re a c tio n  and
is u ' f r ed DNA-polymcrase and Is o la te d  RNA polymerase 
rea c tion s
Assays were designed to  s tudy the seq ue n tia l re a c tio n  ( i . e .
DNA.-primer •» DNA1 *  RNA) and the is o la te d  DNA polymerase re a c tio n  
( I . e .  ONA -p r im e r * DNA') and Is o la te d  RNA polymerase re a c tio n  
( i . e .  DNA-primcr *  RNA).
For tne seq ue n tia l system (F ig u re  14) the in c o rp o ra tio n  o f 
( ,, lC)AHP In to  RNA was measured. DNA polymerase was Incubated In a 
b u ffe r  s o lu t io n  c o m b in in g  ETSH and Mg2*  fo r  180 m inutes, w ith  
pq1y(dA-dT)-prim er and the sub s tra te s  dATP and dTTP, fo r  the purpose 
o f  s yn th e s iz in g  DNA polymers (O N A'). A f te r  the com p le tion  o f  th is  
180 m inute incu b a tio n  the requirem ents fo r  RNA syn th e s is  were added. 
These were an a d d it io n a l Mg2*  and Mn2*  s o lu t io n , ( * I,C)ATP and UTP 
n u c le o tid e  m ix tu re  and f i n a l l y  RNA polymerase. The major p rim er fo r  
RNA polymerase thus be ing the syn thes ized DNA (DNA1) .  For the 
iso la te d  DNA polymerase re a c tio n , the re a c tio n  was te rm ina ted a f te r  
the 180 m inute In cub a tio n  and (^H)dTMP In c o rp o ra tio n  In to  the DNA
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pro du c t measured. The is o la te d  RNA polymerase re a c tio n  m ix tu re  con­
s is te d  o f  a b u ffe r  s o lu t io n  c o n ta in in g  and Mn^+, ETSH and the
n u c le o tid e  m ix tu re  c o n ta in in g  {^ 'O A TP  and UTP, Po ly (dA-dT) and RMA p o ly ­
merase. AH components were presen t a t  the same c o n ce n tra tio n  as in  the
seq ue n tia l system. (^C)AMP in c o rp o ra tio n  in to  RNA was thus measured.
I n i t i a l l y  in  the seq ue n tia l system the re a c tio n  m ix tu re  was 
heated a t  45°C fo r  60 m in u tes , im m ediately a f te r  com p le tion  o f  the 180 
m inute DMA polymerase In cub a tio n , to  te rm in a te  DNA polymerase a c t io n  
p r io r  to  the a d d it io n  o f  the requirem ents fo r  the RNA polymerase assay. 
A ccord ing to  R ichardson a t  a i ■ (!964) th e re  is  a d e c lin e  in DNA 
polymerase a c t iv l  ty  from  1008 to  40% w ith in  12 m inutes a t  an incu ba tion  
tem perature o f  I|5°C. I t  was found in  the seq ue n tia l system th a t
a d d it io n  o f  the Mg2"1" and Hn2"1" req u ired  fo r  the RNA polymet ase assay
caused the fo rm a tio n  o f a f in e  p r e c ip i ta te .  This p r e c ip i ta te  was 
assumed to  be the DNA polymerase p ro te in .  F u rth e r enzymic a c t io n  o f 
the DNA polymerase was thus c u r ta i le d .  T h is  was con firm ed by the 
experim ent described in  S ection 3 -3 .5 '
The re s u lts  a rc  shown in  Table 12. From these r e s u lts  i t  can be 
seen th a t the  mean values o f  i'^O AM P in c o rp o ra tio n  in to  RNA o f 7.2 and 
6 .8  nm oles/assay r i-s p n c liv n ly  fo r  the seq ue n tia l re a c tio n  a lone and fo r  
the  seq ue n tia l re a c tio n  w ith  In te rm ed ia ry  he a tin g  a t ,i5°C fo r  60 
m in utes , a re  s im i la r .  Thus a f te r  com p le tion  o f  th is  experim ent I t  
was e v id e n t th a t pro ba b ly  due to  the fo rm atio n  o f  the p r e c ip i ta te ,
he a tin g  o f the DNA polymerase re a c tio n  m ix tu re  was no longer necessary.
The In c o rp o ra tio n  o f 2.9 and 3.5 nm oles/assay (assay 1) o f  the 
seq ue n tia l system h.ive been Ignored as they appear In  be a ty p ic a l ly  low.
The o b se rva tion  th a t the In c o rp o ra tio n  o f  ( , l , c )A M P  fo r  the 
Is o la te d  D N A ^-p rim er > R NA re a c tio n  Is lower than th a t fo r  the seq ue ntia l
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system In d ic a te s  th a t the ra te  o f  syn th e s is  is  h ig he r in  the 
seq ue n tia l system. This is  p o s s ib ly  due e ith e r  to the Increase o f 
p rim er co n c e n tra t io n  ( i . e .  D M 1) o r  s t r u c tu r a l d iffe re n c e s  between 
the i n i t i a l  DNA-prlmcr and DMA1 pro du c t (see Section 4 ) .
As Is shown from the iso la te d  DNA polymerase re a c tio n  the in ­
c o rp o ra tio n  o f a p p ro x im a te ly  200 nmoles de oxynuc leo tldes is  to ta l and 
exhausts su b s tra te  nu c leos ide  S '- ir ip h o s p h a te s  sup p lie d  to  the system. 
T h is  is  e q u iv a le n t to  ap p rox im a te ly  an 8- fo ld  increase o f  p rim er (DNA1) 
fo r  the seq ue ntia l re a c tio n  ove r th a t In the Iso la te d  
DNA-prlmcr -» RNA assay. In th is  case the DNA|-pr!mor po iy(dA-dT) 
co n ce n tra tio n  was o f  0.2 u n its  (ap p rox im a te ly  24 nm oles). In the 
prev ious assay where a 20- fo ld  increase was observed (S ection  3-3 .2 )
0.1 u n its  o f  i n i t i a l  p r im er was used. T h is  d iscrepancy can be 
accounted fo r  by the fa c t th a t both 0.1 and 0.2  u n its  o f  po ly(dA-dT) 
s a tu ra te  the assay c o n d it io n s  used (see F igu re  I I ) .
The o n ly  o th e r  v a r ia b le s  (besides prim er co n ce n tra tio n )  In the 
RNA polymerase assays o f  the two systems Is  the presence o f small free  
amounts o f  un inco rpora ted  de oxynuc leo tldes and the In a c tiv a te d  
DNA po iy incr.is -' In  the seq ue n tia l system. However, the presence o f 
dooxynuc leo tides In  a com nlcte RNA polymerase assay appears no t to 
a f fe c t  the in c o rp o ra tio n  c r ( ^ ‘ uJAMP In to  RNA. This was I l lu s t r a te d  
in  an experim ent In which ,i f u l l  complement o f  deoxynucleotldes was 
p re sen t, see th is  S ection  (4 ) .  In con c lus io n  I t  appears th a t a 
v a l id  sequentia l system o f  a DMA polymerase re a c tio n  fo llo w ed  by an 
RNA polymerase assay has been d-vv loped which o b v ia te s  f i r s t  having to 
I so la to  the DNA pro du c t (DNA1) which prim es fo r  the RNA syn th e s is ,
Table 12. The DNA and RNA polymerase re a c tio n s : Sequen tia l and Is o la te d .
Assay Type ( ^ C )  AMP inco rp o ra ted  
(nmolt-s/assay) in to  RNA
Assay Mean 
Tuhc 2
Sequen tia l :
DNA( ~prim er —» DNA1—>RNA 2 .9 . 3.5 7 .97 , i .k S  7.21
( o f  assay 
2 on ly )
Sequen tia l :
DNA.-primer —» OKA'—*-RNA
b u t DNA polymerase re a c tio n
fo llo w e d  by an inca ba tio r i
o f  1i 5o/60 m ln . p r io r  to
tke  RfM polymerase assay. 6 .3 , 8.2 6 , 8 , 5 -7  6.8
S e quen tia l C on tro l :
DNA.-primer —#• DNA'—f  RNA 0 .6 , 0 .58 0 .5 3 , 0 .56  0.57
Is o la te d  :
DNA-prlmer —>  RNA 2. * l , Z .k l 2.1 1.7 2.2
is o la te d  C on tro l : 0 .3 1 , 0 .28 0 .3 1 , 0.32 0.31
Assay Type (^H) dTMP inco rp o ra ted  
(nm ole/assay) In to  DNA
Assny Mean
Is o la te d  :
DNA-prlmer —>■ DNA l U l . l ,  102.0 108.9 112.9 109.5
Is o la te d  C on tro l : 1.26 0.98 1.17 , 1.09 M 3
For legend see fo llo w in g  page.
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Legend to  Tab le  12.
The components o f the re a c tio n  m ix tu res  were made up as described in  
S e c tion  2 .5 .1  D Tables 6 , 7 , 8 and 9-
The components fo r  the re a c tio n  m ix tu re s  c o n ta in in g  DMA polymerase
were In  0 .2  ml and con ta ined SM, 0.2  u n its  o f  po ly(dA~dT), and
O.gmM each o f  dATP and dTTP (o r  ( 3M)dTTP), and 5-3 u n its  o f
M. ly s o d e ik tic u s  DNA polymerase.
in cu b a tio n  was c a r r ie d  ou t a t 37°C For 180 m inutes.
The components fo r  the re a c tio n  m ix tu res  c o n ta in in g  RNA polymerase 
were in  O.J ml and con ta in ed SM, 0 .2  u n its  o f  po )y (d A -dT ), 0.53mM 
each o f  UTP and { 1‘1C)ATP, and 0.413 u n its  o f  E. co l 1 RNA 
polymerase.
The assay c o n d it io n s  fo r  the seq u e n tia l re a c tio n  were i n i t i a l l y  
those o f th e  DNA polymerase re a c tio n .
F ina l RNA polymerase assay c o n d it io n s  were ob ta in ed  on the  a d d it io n  
o f  a Mg2+ and Mn2*  s o lu t io n ,  0.53mM each o f  UTP and { U C)ATP and
0.413 u n its  o f  E. co l I RNA polymerase.
In cub atio n  was c a r r ie d  o u t a t  37°C fo r  30 m inutes.
The s p e c if ic  r a d io a c t iv i t ie s  o f  { l l ,C)ATP and ( 3H)dTTP were 1527 
and 762 c .p .m ./n m o le  re s p e c tiv e ly . C on tro ls  were no t incuba ted .
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(3) Does the  p r e c ip ita te  formed a f te r  the DNA polymerase 
re a c tio n  a f re e t  tho ana ls 's ts  o f  ihe subsequent RNA 
polymerase assay in  iho seq ue ntia l system?
A f te r  add or* Z+ and HnZ+ re f|tii red fo r  the RNA polymerase
re a c tio n  in  the sequcntla 1 system a p r e c ip ita te  formed (s ee th is
S ection  (2 } ) . In o rder . 1 ga le w hether th is  proc
a ffe c te d  the a n a ly s is  o f a l iq u o ts , , taken fo r  measurement o f ( U C)AMP
in c o rp o ra tio n In to  RNA, the fo1 !ot>vi ng experim ent was perform ed on
sample., taken from experi ments described in  Tab le 19 and 14(2).
A f te r  add! tio n o f  BSA and m ix in g  t i t  the end o f the  Incuba t io n  period
two 0.05 nil samples o f  each assay were taken fo r  a n a lys is In the usual
fa sh io n . The remaInder o f  the rclo c tlo n  m ix tu re  was cent r lfu g e d  a t
lOOOg fo r  5 mi, ta b le  model c e n tr ifu g e  a t 4°C . A sediment
was o n ly  observed In the samples c;onta i n ing DNA polymcras e and the RNA
polymerase add I t io n s .  A f t fu g a tio n  two 0.05ml supernatant samph
were taken fo r a n a ly s is  from  each assay. The rc s u lts  are shown In
Table 13- I t n th a t the re s u lts  ob ta ined from c e n tr i  fuged
end no n -ce n tr i Fuged sampl wr. In d ls tln g u is h a b le . The refo>-e I t
was concluded th a t the pr □ d p i  ta le d id  no t In te r fe re  w illh the samplIng
o f  a i iquots  o f ,to  the d is c s .
(4) The e ffe c D oty (d A -d r)-p rfm e r and
dcoxvnucl' n po ly(A -U ) syn thes is
in  tho seq ucn tio l system 
These experim ents were c a r r ie d  ou t In o rd e r to answer th ree 
qu e s tio n s :
(a) To what e x te n t does the po ly (d A -d T )-p rim e r used In the
DNA..palmer » DNA1 . re a c tio n  c o n tr ib u te  to the syn the s is  oF RNA7
I .e .  ONA|-prfnu;r DNA’ RNA
Table I ) . A com parison o f ( , 1|C)AHP in c o rp o ra tio n  in to  the RNA 
product o f  tho seq u e n tia l system, be fo re  and a f te r  
c e n tr i fu g a t io n  o f  the incubated re a c tio n  m ix tu re .
p ro p o rtio n s  o f
(^C)AMP inco rpora teddTTP and BrdUTP In the
re a c tio n m ix tu re (nm oles/assay)
(po ly (d A -dT ).p rim e d)
% dTTP % BrdUTP
Samples Samples 
token a f te r  taken before 
c c n t r 1fu g a tio n  c c n tr l fu g a tIo n
I0P 5 .6 9  5.66
75 25 3.10 3.24
50 50 3.65 3 53
25 75 2.54 2.67
0 100 2,12 2.42
*  100 - 2.82 3.10
“  m ' ,.,5
*  No DMA polymerase (taken from Table 14 , Experiment (2 ) ) .
* *  C on tro l was not In cubated.
A l l  o th e r  values were taken from Table 19.
The components o f  the re a c tio n  m ix tu res  were as de scrib ed In the 
corresponding Tables 1 ''{2 ) and 19, and the te x t ,  S ection  3 . 3 .2 (3 ) ,
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(b) Do deoxynucieoH des presen t In  the re a c tio n  m ix tu re  du rin g  the 
t ra n s c r ip t io n  oF ONA'-prlm er to  RNA c o m p e tit iv e ly  In te r fe re  w ith  
the in c o rp o ra tio n  o f  r ib o n u c le o tid e s  in to  RNA7
(c) Can the seq ue ntia l system be u t i l i z e d  w ith o u t an I n i t ia l  
DNA-prlmer? i . e .  by fo rm ing DMA product (DNA1) For tra n s c r ip t io n  
In an unprimed system (no p rim er -v DNA1 >• RNA.)
In o rd e r to answer the above q u e s tio n s , the  seq ue n tia l system o f 
DNA polymerase and RNA polymerase re a c tio n s  c o n ta in in g  a l l  the 
re a c tio n  m ix tu re  components were Incubated s im u ltan eo us ly  w ith  s im ila r  
re a c tio n s  which locked e ith e r  DNA polymerase o r  I n i t ia l  p r im er.
Reactions were a lso  performed In w hich BrdllTP rep laced dTTP as
The r e s u lts  o f  th is  study ore shown In Table I'l and are discussed 
in  sequence below. The complete re a c tio n  system con s is ted  o f  the 
po ly(d A -dT )-prim e d DNA polymerase re a c tio n  fo llo w ed  by the RNA polymerase 
a d d it io n s  and syn the s is  o f  p o ly (A -U ). ( !<IC)AMP In c o rp o ra tio n  In to  
po ly(A -U ) was measured.
Assay type ( I )  The r e s u lts  o f  experim ent ( I )  and (2) a re  o f the 
Standard re a c tio n  m ix tu res  c o n ta in in g  a l l  the components o f  the 
seq ue n tia l system. These values a re  the means o f  the f ig u re s  quoted 
fo r  each tube In Tables 17 and 19 re s p e c tiv e ly .
Assay type (11) DNA polymerase was the o n ly  component e lim in a te d  from 
the seq ue n tia l system. As th ere  is  no po ly tfco xynu c lco lfde  syn the s is  
In the absence o f DNA po lym erise  (Table 15). the r ib o n u c le o tid e  
Incorpo ra ted  In to  RNA product was due o n ly  to  th a t d ire c te d  by the 
I n i t i a l  0.1 u n it  o f  p o ly (d A -d T )-p r im e r. A f u l l  complement o f 
de oxyn uc lco tldcs  was thus presen t d u rin g  po ly(A -U ) syn th e s is . I t  can 
be seen from the re s u lts  tha t the r ib o n u c le o tid e  In c o rp o ra tio n  is
8z .
s im ila r  to  o ith ou gh s i ig h t iy  h ig h e r than an average RNA poiymerase 
assay in  the s e q u cn tia i systera. Compare w ith  Table 12, where
2 .2  nmoles o f ( | ,,C)AMP ware inco rpora ted  in to  RNA. i t  can th e re fo re  
be concluded th a t the presence o f  deoxynuc leo tides app ra r no t to 
a p p re c ia b ly  in te r fe r e  w ith  the DNA’ RNA re a c tio n .
Assay type ( H i )  As po ly(dA -dT ) was e l im i ra te d  from the DNA
polymerase re a c tio n  o f  the seq ue ntia l system, the re a c tio n  was thus 
unprimad* T he re fo re , o n ly  unprimcd syn the s is  o f  po iy(dA-dT ) could 
take p la ce . Ho wove , po iy(dA-dT) was addpd to the subsequent 
re a c tio n  fo r  DNA1 •> RNA. Thus po ly(A -U ) syn thes i s was due to 
tra n s c r ip t io n  on unprimed po ly(dA-dT ) (DNA1) and the D .i u n its  o f  
po ly(dA -dT ) added fo r  the RNA polymerase assay o n ly .  The re s u lts  
show th a t fo r  Experim ent (2) th e re  appears to  be no d if fe re n c e  in 
the n u c le o tid e  in c o rp o ra tio n . However, in  experim ent ( I )  the in c o r ­
p o ra tio n  is  much h ig he r and s im i la r  to th a t o f  assay type ( I ) .  This 
gave r is e  to  the query -  Is the amount o f  unprimcd syn the s is  con s ta nt 
in  th is  system? (Sec page 85)
Assay type ( iv )  In th is  seq ue n tia l system no po ly(dA -dT ) p rim er was
addeJ a t a l l ,  thus the prim er fo r  po ly(A -U ) syn the s is  was o n ly  de rived 
from  th a t formed d u rin g  unprimcd syn the s is  o f  p o ly (d A -d T ). The 
r e s u lts  in d ic a te  th a t th ere  was s u f f ic ie n t  unprimed polymer formed fo r  
po iy(A -U ) syn the s is  to  o c c u r.
I t  seems a p p iim ii  from these p e e lIw irm ry  s ttid fe -i o f  u n p rfm d  DM 
s yn the s is  In tins seq ue ntia l re a c tio n s , th a t fu r th e r  in v e s t ig a t io n  o f 
th is  phenomenon In ihu  seq ue ntia l systum w.is necessary. These 
experim ents a rc  described In the fo llo w in g  two s e c t io n s .
Table 14. The e f fe c t  o f  the i n i t i a l  p r im er on p o ly (A -L ) syn the s is
Assay co n d ilio n s ( i l |C)AMP '. ico rp v ra tcd  
(nttio les/assay)
Experiment ( ! ) Experlmcme ( 2)
( i) a. Complcie dTTP 5 .7 9 , 5.85 6 . 02, 5.29
b. C ontro l 0 .4 5 , 0.42 0 , 22, 0.21
( 11) Minus DNA polymerase 2 .8 5 , 2.91 3-02, 3.19
( H i ) Minus po ly(dA-dT) as 
I n i t ia l  p rim er In the 
DNA polymerase re a c tio n  
m ix tu re , but. added w ith  
RNA polymerase a d d it io n s
5 .0 6 , 5.05 2.83 , 2.96
( iv ) Minus po ly(dA-dT) 1.64, 1.54
For legend see fo llo w in g  page.
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Legend to  Table 14
A l l  va lues were su b trac ted  from the mean o f  the c o n tro l va lues shown 
In  assay type ( I )  b. The c o n tro l tubes were no t inculia tu d .
The r e s u lts  a re  a moan va lue  o f 2 samples each.
The components o f the re a c tio n  m ix tu res  fo r  exp e rl :n ts  (1) and (2) 
were made up as described in  S ection 2.5-1 D, Tables 6 , 7 , 8 and 9- 
The DMA polymerase re a c tio n  m ix tu re  con ta in ed 0 .2  ml 5M, 0.1 u n i t  o f
p o ly (d A -d T ), 0 , 5mM each o f  dATP and dTTP, and 5-7 u n its
o f  H. ly s o d e lk tlc u s  DNA polymerase fo r  experim ent (1) and 
5-3 u n its  o f  E. co l I DNA polymerase o r  experim en t (2 ) .
For assay types ( I I )  and ( I I I )  the p y r im id in e  n u c le o tid e  was dTTP o n ly .
In cub atio n  was c a r r ie d  o u t a t  37°C fo r  180 m ln s .
For the subsequent RNA polymerase re a c tio n  the fo llo w in g  components 
were added to  g ive  f in a l  volume o f  0 .3  m l, Hg?'+ and MnZ+ s o lu t io n , 
0.53mH each o f UTP and ( ' \ ) A T P  and 0, AI 3 u n i t  s- '  E. co l I RNA 
polymerase.
In cub atio n  was c a r r ie d  ou t a t  37°C fo r  30 m inutes.
The s p e c if ic  r a d io a c t iv i t y  o f  the (^C)AMP fo r  experim ent (1) and (2) 
were 17*0 and 1878 c .p .m ./nm o les re s p e c t iv e ly .
(5) Primed and unprimed syntheses o f  the copolymers 
M -d T )  and tdA-BrdU) in  a 180 m inute DNA 
polymerase re a c tio n
DNA polymerase assays were designed to in v e s tig a te  the p o s s ib i l i t y  
o f  s y n th e s iz in g  p o ly  (dA -dT), poly(dA-BrdU ) and s u b s titu te d  v a r ia t io n s  
o f  these polymers in  an unprimed system fo r  subsequent use as prim ers 
in  po ly(A -U ) s y n th e s is . Oeoxynuclcotirfe  in c o rp o ra tio n  in  a primed 
system was compared w ill )  ih .H  o f  on imprimcd system fo r  a 180 iiilr.u tu  
incubuc ion . The re a c tio n  For the primed syn the s is  o f  DNA was o f the 
DNA.-primer -> ONA1 type and fo r  the unprlmed syn the s is  DNAj -p rim e r was 
excluded. in  bo th cases the  in c o rp o ra tio n  o f  (^H)dAMP in to  the DNA 
pro du c t was measured. The r e s u lts  a re  shown in  Table 15. From 
these re s u its  i t  can be seen th a t the deoxynvcleoEide In c o rp o ra tio n  
in  a primed re a c tio n  is  a lm ost the same w ith in  an experim ent whether 
the p y r im id in e  n u c le o tid e  is  dTTP o r  BrdUTP. The p rim in g  a b i l i t y  o f  
poly(dA-BrdU ) appears to  be g re a te r  than th a t o f  (dA -dT), and th is  
o b se rva tion  wi 11 be discussed in  S ection  l | . in the unprimed assays 
the  in c o rp o ra tio n  is  In c o n s is te n t w ith in  an assay typ e , and, between 
assay types c o n ta in in g  e i th e r  dTTP o r  BrdUTP,
(6 ) Time course o f unprlmed po ly(dA-dT) and poly(dA-BrdU ) ' 
syn th e s is  over l 8Q m inutes DNA polymerase incu ba tion
In o rder to  In v e s tig a te  the lag  pe rio d  and course o f  s yn the s is  o f  
the  (dA-dT) and (dA-BrdU) copolym ers in  a DNA polymerase re a c tio n , 
the  syn the s is  o f  the polymers was i ' l l  owed over the 180 m inute 
incu ba tion  p e r io d . In oroV r to  i nvt", t ig - itc  Uw l lm l is  o f  unprlmed 
syn the s is  In  Uiu system In  most cnsi-s ,i lower co n cen tra tio n  
o f DNA polymerase, was employed lhan uos used In  prev ious 
experim ents. The lo s u l ls  oru  shown in  Table 16 and
8 6 . r
i
F igu re  16. Four assays wore performed and a re  denoted (a ) , ( b ) , ,
(c ) and (d ) .  I t  should be noted th a t the assay volumes were increased j
fo u r - f o ld  ove r those o f  the pre v io us  experim ents to  a llo w  freq ue n t 
tim e sam pling. I t  can be seen th a t th ere  is  ve ry  l i t t l e  unprimed
syn th e s is  w ith in  the f i r s t  30 m inutes o f  in cu b a tio n . This lag appears |
to  be independent o f  the amount o f  ONA polymerase added to  the re a c tio n
m ix tu re  w i th in  the range o f  8-20 u n its /a s s a y . The lag  is  a lso  ^
Independent o f  whether the p y r im id in e  n u c le o tid e  Is dTTP o r BrdUTP.
Radding and Kornberg (1962), have de fin e d  the lag p e rio d  as the 
tim e req u ired  fo r  10% u t i l i s a t i o n  o f  the s u b s tra te . In these assays t
I t  corresponds to  the syn the s is  o f  80 nmoles o f  po ly(dA-dT) or 
(dA-BrdU). I t  Is apparent th a t the lag pe rio d  o f  these assays Is  not 
c o n s is te n t.  See F igu re  16 and Tab le 16. Because o f th is  v a r ia b i l i t y  
unprimed syn the s is  o f  DNA was no t used fo r  the s tudy o f  po ly(A -U ) 
syn th e s is  in  the seq ue n tia l re a c tio n  system.
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Table 15- Primed and imprinted syn the s is  o f  the copolymers (dft-dT) 
and (dA-BrdU)
P yrim id in e
N ucleo tide
( 3H)dAMP Incorpo ra ted
les/assay)
0.1 U n it Experiment (1) Experiment (2)
Assay tubes Assa y fb e s
1 2 3 1 2 3
Poly(dA-dT) 83.2 83.5 54.4 55.6
88.5 67.5 63.4 69.0
* - 0.48
Poly(dA-BrdU) - 75.2 73.2
*6 - 0.64
BrdUTP - 96.2 85.3
BrdUTP
No prim er 34.4 87 8 6 .9 8.5
67.4 24 .2 6.6 24.24 0.24
0.6
*  c o n tro l no DNA polymerase
* *  c o n tro l no I ncubatlon
The re s u lts  arci a mean va lue  o f two samples fo r each assay tube and
have been sub tr•acted from th e ir re sp e c tive  con tt•ol va lues which are
each a mean o f 4 samples. The components o f the n v ic t lo n m ix tures
were made u; as■ described in  Section 2.5 .1  D, Table 6 ,
con ta in ed in  0 ,2  m l, SH, 0.1 u n its  po ly  (dA-dT) o r  (dA-BrdU), 0.5mM 
each o f  (3ll)dATP and dTTP (and o r  BrdUTP) and 5 u n its  o f  E. col I 
DNA polymornso. The spe d  f l c  r a d io a c t iv i t ie s  o f  tho ( 3ll)dATP fo r  
Experiment ( I )  and (2) were 783 and 682 c .p .m ./n m o le  re s p e c tiv e ly , 
In cub a tio n  was c a r r ie d  ou t a t  37t>C fo r  180 m inutes.
Table 16. A comparison o f  primed and unprimed syn the s is  o f  
(dA-dT) and (dA-BrdU) copolymers
Time (^H)dAMP inco rp o ra ted  (nm olos/assay)
(min) (a) (b) (c ) (d)
15 - 17
30 4 0.9 3 33
45 - 50
60 15 6.0 20 63
75 - - 90
90 43 16 78 113
105 - - 135
120 75 30 137 153
135 92 37 166 159
150 111 45 192 185
165 55 222 195
180 147 65 252 223
Lag p e r io d *  90 11,0 70 37
Experiment (a ) ,  (b) and (c) were unprimed
Experiment (d) was primed w ith  O.A u n its  o f po ly(dA-dT)
The re a c tio n  m ix tu res  com n in ed in  0 .8  ml 
Bltpmoles T ris -H C I b u ffe r  pH 7-9 
2.8umolcs o f  MgCI ?
O.SAumoles o f  ETSH
flOO nmoles o f  dTTP In (a ) , (c) and (d)
400 nmoles o f  BrdUTP In (b)
400 nmoles o f  (^H)dATP w ith  a s p e c if ic  a c t iv i t y  o f  650 c .p .m ./n m o le  
E. c o l i  DMA polymerase 8 .3  u n its  In  (a) and (b) and 20 u n its  In (c) 
and 7 .9  u n its  in (d ) .
0.05 ml o f  each assay was taken ou t a t  the in d ic a te d  11 me In te rv a ls  
f  >r analyses as described In  Table 11.
*  Lag pe riod  de fine d  as the time req u ired  fo r  10'/ u t i l i s a t i o n  o f the 
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F ig u re  16 For legend see Tab le 56.
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3 .3 -3  Polv(clA-dT) and po ly(dA-BrdU ) syn the s is  and 
th e ir  t ra n s c r ip t io n  Lo po lv(A -U ) In  the 
re a c tl'-n s  DNAj-prim er DMA' -v RNA
The o b je c t o f  th is  experim ent was to  de term ine the  a b i l i t y  o f 
po ly(dA -dT ) and po ly(dA-BrdU ) to  be tra n s c rib e d  to pn ly(A -U ) in  on RNA 
polymerase re a c tio n  o f  the seq ue n tia l system,
The re a c tio n  m ix tu res  o f  the seq ue n tia l system were described in  
S ection  2 .5-1 0 and a ls o  In S ection  3 .3 .2 (2 )  and F igu re  14.
The i n i t i a l  ONA-primer o f  the DNA polymerase re a c tio n  was e ith e r  
purchased po ly(dA-dT ) o r  p o ly (d A -B rdU ). The p y r im id in e  s u b s tra te  was 
e ith e r  dTTP o r  BrdUTP and the p u rin e  s u b s tra te , dATP. Thus the DNA 
product was a polymer o f  a lte r n a t in g  adenine and thym id ine  or 
brom odeoxyurid ine u n its  (Schachman e t a l ■ I960 , Inman and Ba ldw in,
1962).
From the  r e s u lts  shown i i Table 17 I t  can be seen th a t po ly(dA -B rd ll) 
is  c o n s is te n t ly  less ab le  to prim e RNA polymerase a c t io n  as e f f i c ie n t ly  
as p o ly (d A -d T ). In la te r  experim ents the unpolymers (dA-dT) and 
(dA-BrdU) wore n 1 so tra n s c rib e d  in  on is o la te d  RNA polymerase assay.
See S ection 3 .4 .
3 .3-4  Tin: e f f ec t o f  DNA-prlmers c o n ta in in g  va ry in g  amounts 
o f  brom odeoxyurid ine on po ly(A -U ) syn the s is
The aim o f  these experim ents was to s tudy the a b i l i t y  o f  DNA con­
ta in in g  In cre as in g  amounts o f  brom odeoxyurid ine to  prime po ly(A -U ) 
syn th e s is . The design o f the assays was de scrib ed in  S ection  3-3.1 
and F igu re  14, and con s is ted  o f  a seq ue ntia l system o f re a c tio n s , 
DNAj-prlm er •> DNA1 > RNA. The i n i t i a l  DNA prim er (D N A j-prim er) was 
e ith e r  the copolymer o f  (dA-dT) o r  (dA-BrdU). The p y r im id in e  sub­
s t r a te  dTTP was decreased in  the DNA polymerase re a c tio n  m ix tu res  and
91.
Table 17. Po ly(dA-dT) and pu iy(dA-BrdU ) synlhcs i s and th e ir  
t ra n s c r ip t io n  to  po ly (A -u )
Prim er
PyrIm id Ine  
N ucle.otlde
( ^C)AMP inco rpora ted  
(nm oles/assay)
(0.1 u n its ) ( 100%) Assay tube Assay tube Standardd e v ia tio n
Poly(dA-dT) 5 .45 , 6.13 6.43 , 5 .2 / 5.82 0.52
5.22 , 4.74 4 .4 1 , 4.83 4.80 0.33
Poly(dA-BrdU) 8 .43 7.12 7.14 , 7-78 7.63 0.67
BrdUTP 4 . 8 ! ,  5.93 5.04 , 5-61 5.35 0.57
Poiy(dA-dT)
(C o n tro l)
0 .45 , 0.45 0 .3 9 , 0.44 0.44 0,00
A l1 values wei•e sub trac ted Irom  the mcan o f  the contt o ) vaU les shown
in  the la s t 1i ne. The cori t r o i  tubes were no t Incubated,
The components o f  the re a c tio n  m ix ture-, were made up as de scrib ed In 
S ection  2.5-1 D Tables 6 , 7 . 8 and g. The ONA polymerase re a c tio n  
m ix tu re  con ta ined in  0.2 m l, SM, 0.1 u n i t  o f  po ly(dA-dT) o r 
pol y(dA-BrdU) (ba tch 0 . 5mM each o f  dATP and dTTP (o r BrdUTP) and
5-7 u n its  o f  M. ly s o d e ik tIc u s  ONA polym erase. The BrdUTP used was 
th a t prepared by the a u th o r. In cub atio n  was c a r r ie d  o u t a t  37°C fo r  
180 m inutes. For Mu' subsequent RNA polymerase re a c tio n  the fo llo w in g  
components were added to  g ive  a f in a l  volume o f 0.3 m l; Ng^+ and Mn^+ 
s o lu t io n , 0.53mH each o f  UfP and ( , I |C)ATP and 0.413 u n i t  o f  E. col I 
RNA polymerase.
In cub atio n  was c a r r ie d  o u t nt. 37(,C fo r  30 m inutes.
The s p e c if ic  r a d io a c t iv i t y  o f  the (^'c)ATP was 1710 c .p .m ./n m o le ,
rep laced by a correspond ing  increase o f  i t s  analogue BrdUTP. The 
r e la t iv e  p ro p o rtio n s  o f  dTTP and BrdUTP ore  shown In the Tables 18-21. 
Thus In each DNA polymerase re a c tio n  the p io d u c t DMA' con ta ined dTMP 
and BrdUMP a lte r n a t in g  w ith  dAMP in  p ro p o rtio n  to  the r e la t iv e  
co n ce n tra t io n s  o f  s u b s tra te  dTTP and BrdUTP. These polymers c o n ta in ­
ing In cre as in g  amounts o f  BrdUMP were te s te d  fo r  th e ir  a b i l i t y  to 
tra n s c rib e  to  p o ty (A -U ), as described in  the prev ious experim en t,
Several c fo fe iy  re la te d  experim ents were ^ i r r le d  o u t and the 
r e s u lts  in d iv id u a l ly  shown in  Tables 18, 19, 20 and 21 and 
F igu res 17> 18, 19 and 20, and compared In  Table 22. The re a c tio n
m ix tu res  o f  the experim ents were made up as de scrib ed in  S ection  2 .5 .1  D. 
S l ig h t  v a r ia t io n s  e x is te d  in  the c o n ce n tra tio n s  o f DNA|-prim er and 
DNA polymerase addvd to  the experim ents de scrib ed in  Tables 18-21.
These v a r ia t io n s  a re  l i s te d  In  Table 22, One Im portan t m o d if ic a tio n  
Is  shown in  Table 20 where an experim ent using o n ly  2.0 u n its  o f  
polymerase is  re p o rte d . This p a r t ic u la r  experim ent was an attem pt to  
m in im ize any p o s s ib le  e f fe c t  o f  unprimod DHA syn th e s is .
From the re s u lts  i t  can be seen th a t th e re  Is  a r e la t iv e  decrease 
In the a b i l i t y  o f  the syn thesI zed DNA to  prime RNA polymerase as i t s  
bromodeoxyur I d I no concvntr,) l io n  Increases. The decrease appears to 
be sharpest between 0 and 25% brom lnat ion  o f  the DNA p r im e r. See 
F igu res 17-20.
3 .3 .5  A s tudy o f the seq ue n tia l system using a reduced 
DNA polymerase re a c tio n  pe riod 
The t ra n s c r ip t io n  o f  D N A-priiiieri co n ta in in g  inc re a s in g  amounts o f 
bromodeoxyur i d ine was In v e s tig a te d  ,is dcbi.i i bed in  the prev ious 
Section 3 .3 . ' t ,  but w ith  a DNA polymerase In cub a tio n  pe rio d  o f  30 
m in utes , In p lace o f the p re v io u s ly  used 180 minute. In cub a tio n  
p e rio d  o f the DNAj-prim er » DNA' re a c tio n .
Tables 18-21 The tra n s c r ip t io n  o f  DNA-primers <con ta in ing
In cre as in g  amounts o f  brom odeoxyurld1ne
Tab le 18
R e la tiv e  p ro p o riio n s  
o f  dTTP and BrdUTP in 
the re a c tio n  m ix tu re  
(po ly (d A -dT )-p rim ed )
( ^CjAMP Incorpora ted 
es/assay)
% dTTP QrdUTP Assay 1 Assay 2 Mom StandardD ev ia tion
100 - 4.77 , 4.69 4 .9 6 , 4.19 4.65 0.33
75 25 3.57, 3.58 3-94, 3 6 7 3.69 0.17
50 50 3.14 , 3.07 3.78 , 3.68 3.42 0,36
25 3.20, 2.82 3.37 , 2.88 3.07 0.26
- 100 2.64, 2.44 3 .3 , 2.44 2.71
*100 ' 0.42, 0.?8 0.38 , 0.34 0.38
Tab ie iq
0.1 u n its
R e la tiv e  p ro ­
p o rtio n s  o f 
dTTP and 
BrdUTP in  the 
re a c tio n  
m ix tu re
( 1l|C)AHP Incorpora ted 
(nm oles/assay)
dTTP BrdUTP Asr.ay 1 Assay 2 Mean
Standard 
D ev ia tIon
po ly(dA -dT ) 100 5.83,, 6.20 5.23 , 5.34 5.66 0.44
75 25 3-28,. 3-36 3.21 , 3.10 3.24 0.10
50 50 3.05,, 2.94 4.47 , 3.65 3.53 0.70
25 75 2.92,, 2.51 2.55 , 2.68 2.67 0.20
100 2.23, 2.46 2.57 , 2.41 2.42 0.14
* 100 0.2? ,. 0.2? 0.22 , 0.2U 0.22
Poly(dA-BrdU) 5.32 , 5.39 5.43 , 6.84 6,00 0.99
0.68 ,. 0.92 3.59 , 3.30 2.13 4.07
*  C ontro l
For legend sec? Pago 96.
Table 20
R e la tiv e  pro po r­
t io n s  o f  dTTP 
and BrdUTP In 
the re a c tio n  
m ix tu re  
(po ly (d A -dT )- 
primed)
( m'c} amp inco rp o ra ted
i/a ssa y )
» dTTP % BrdUTP Assay 1 Assay 2 Assay 3 Mean
Standard
D e v ia tio n
100 5.13 , 5.11 4 .9 4 , 4.4'; 4 .4 6 , 4.39 4.75 0.31
75 25 A .86. 4.61 4 .1 2 , 3-72 4 .2 2 , 4.34 4.31 0.43
50 50 3.53 , 4.11 3 .55 , 3 55 3 . 5 5 ,  3 - i n 3.55 0.31
25 75 3.11 , 3.40 2.90 , 2.75 3 .4 6 , 2.79 3.07 0.30






0.30 , 0.36 
0 .3 3 , 0.31
0.33
T .b , .  2,
R e la tiv e  pro po r­
tio n s  o f  dTTP 
and BrdUTP In 
the re a c tio n  
m ix tu re
{p o ly  (tIA- BrdU)- 
prlmed)
('^CjAMP In corpo ra ted  
(nmoies/bssay)
% dTTP % BrdUTP Assay 1 Assay 2 Assay 3 Mean StandardD ev ia tio n
100 6.68 , 7.03 4 .7 , 4,32 5.92 , 5.68 5.7 1.06
75 25 4 .52 , 5.05 5 .0 6 , 4.43 - 4,85 0.3
50 50 4 .66 , 4.25 4 .4 7 , 4.47 - 4.46 0.17
25 75 3 .M . 4.14 4 .8 0 , 4.25 - 1 .22 0.4b








* C ontro l
For legend see Page 96 .
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Table 22. Comparison oT the  moan values taken I'ram Tables 17-2) o f  
the L ro nscripL lo n  o f DNA-prlmurs con La i n ing inc rea s ing  
amounis o f  brom odeoxyurid ine
R e la tiv e  p ro p o rtio n s  (^C)AMP In co rpo ra te d  (nm oles/assay)
o f dTTP and BrdUTP
In  the re a c tio n  m ix tu re Mean values o f  r e s u lts shown in  Tables
Z dTTP % BrdUTP 18 19 19 17 17 21
100 l, ,65 5.66 6.00 5.82 7 .6 j 4.75 5-71
'S  75 3.70 3.24 - - 4.31 4.85
50 50 3.42 3.53 - - 3.55 4.46
25 7S 3-07 2.67 - - - 3-07
100 2.70 2.42 2.13 4.80 5.35 3.00 1.00
V a ria b le  components 
the  re a c tio n  m ix tu re
- n i ts  o f  po ly(dA-dT) 0,1 0.1
Uni ts  o f  po ly(tlA -B rdU ) 0.1 0 . 1
Uni ts o f  H. ly s o d e ik tic u s  
ONA polymerase 5.7 5-7
U n its  o f  E. c o 11 
ONA polymerase 5-3 5-3 5.3
Source o f  BrdUTP p ro - p ro - p re -  p ro - p re ­
pared pared pared pared pared
pur- pu r­
chased chased
S p e c if ic  r a d io a c t iv i t y 2060 1878 1878 1710 17
o f the ( ,1|C)ATP
(c .p .m ./nm ole )
For legend see Page 96.
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Ic p c rt ' t'> Tallies 18-22 and F igu res 17-20
1, . in s c r ip t io n  o f  ONA-priracrs c o n ta in in g  In cre as in g  amounts o f 
bro'iiotjeoxyur i d in e .
A l l  the values were sub trac ted  from the mean c o n tro l va lue  shown in 
the la s t  l in e  o f each ta b le . The c o n tro l tubes were no t Incubated.
The components o f the re a c tio n  m ix tu res  were made up as described in 
S ection  2 .5 .1  D Tables 6 , 7 . 8 and 9 , except fo r  the v a r ia t io n s  
1is te d  in  Tab le 22,
The DNA polymerase re a c tio n  m ix tu re  con ta in ed in  0 .2  m l; 5H,
0 .5mM each o f  dATP and dTTP (and o r  BrdUTP), 0 .2  u n its  o f  po ly(dA-dT) 
were used in  Table 18, 0.1 u n its  in  Tab les 17, 19, 20, 0.1 u n its  o f  
po ly(dA-BrdU ) were used In Tables 17, 19, and 21, 5-7 u n its  o f
“ . S yso de ik ticus  DNA polymerase o r  5.3 u n its  o e E. co l I DNA polymerase 
t .-p t fo r  2 .0  uni ts  o f  E. co l I DNA polymerase in  th a t o f  Table 21 . 
In cub a tio n  was c a r r ie d  - u t  a t  37°C fo r  180 m inutes. For the 
subsequent RNA polymerase re a c tio n  the fo llo w in g  components were added 
to  g iv ,  0 f in a l  volume o f 0.3 m l; a Mg^+ and Mn^+ s o lu t io n , Q.53mM 
each I JTP and (^C )ATP and 0.413 u n i t  o f  E. co l I RNA polymerase. 
In tu b a - io n  was c a r r ie d  ou t a t  37°C fo r  30 m inutes.
The s p e t i ' le  r a d io a c t iv i ty  o f  the? (^C )ATP used fo r  each experim ent 
Is  l is te d  m Tunic 22, as w e ll os the source o f  the BrdUTP used.
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A p re l im inai /  exami na tion  o f  the system was necessary to  study 
the e f fe c t  o f  va rio u s  prim er c o n ce n tra tio n s  and incu ba tion  periods 
on the syn the s is  o f  the ONA polymers in  the DMA, -p rim e r -> DNA1 
re a c t io n . The DNA-primor was po ly(dA-dT) and the In c o rp o ra tio n  o f 
(^H)dAMP in to  po ly(dA -dT ) produce was measured. The re s u lts  are 
shown in  Table 23 and F igu re  21. i t  can be seen th a t th e re  is  an 
Increase in  d e oxyn uc ico tide  in c o rp o ra tio n  w ith  inc rea s ing  prim er 
co n c e n tra t io n  u n til 0 .05 u n its  when syn the s is  le v e ls  o f f .  When 0.02 
u n its  o f  p o ly (d A -d T )-p rim e r was used fo r  a t h i r t y  m inute incu ba tion  
pe r io d  22 .b nmoles o f  po ly(dA -dT ) were syn the s ize d . This rep resen ts  
an approxim ate 9 - fo ld  increase o f  p ro du c t over p rim e r, which is  o f  
s im ila r  magnitude to  th a t ob ta in ed In experim ents using th e  180 
m inute DMA polymerase re a c tio n  p e r io d . The fo llo w in g  experim ent was 
c a r r ie d  ou t using these incu ba tion  c o n d it io n s .
A 'd ou b le  la b e l1 a n a ly s is  o f  the seq ue n tia l system ,
DMA.-primer > DMA' - RNA
In th is  a n a ly s is  o f  the seq ue n tia l system, the DMA synthes ized 
(DMA1) was I so top lea I l y  la b e lle d  w ith  and the po ly(A -U ) tra n s c r ip t io n  
pro du c t was la b e lle d  w ith  '^C . The re s u lts  a rc  shown in  Tables 24a 
and b. The assays are s im ila r  to those de scrib ed in  the preced ing 
S e c tion  3 .3 ,4  fo r  the DNA polymerase re a c tio n , using o n ly  0.02 u n its  
o f  po ly(dA -dT ) and an In cub a tio n  time o f  30 m inutes. The 
deoxyn uc ico tide  c o n ce n tra tio n s  were reduced to 20 ninoies/assoy to 
approach exhaustion  o f  deoxyn uc ico tide  sub s tra te s  r f t e r  30 m inutes.
The subsequent DMA1 >• RNA re a c tio n  war. not a lte re d . Besides the 
seq u e n tia l DNA polymerase and RNA polymerase assays separa te DNA 
polymerase and RNA polymerase assays were perform ed as c o n tro ls  
fo r  the above system.
Tab le 23. The e f fe c t  o f  inc re a s in g  prim er c o n ce n tra tio n s  and 
In cub a tio n  pe rio ds  on the syn the s is  o f  po ly(dA-dT)
P o ly(d A -dT )-p r!m cr (^H)dAHP inco rp o ra ted
(unl t) (nm oles/assay) in
30 m i n .  60 m i n .
0 . 0 2 31 Z
1 6. 3 4 1 . 7
1 9 . 5 '13.0
0 . 3 1. 6
The components o f  the re a c tio n  m ix tu res  were as de scrib ed in 
S ection  2 .5 .1  D Table 6 and con ta ined In 0.2  m l, SM, 0-0 .1 u n i t  o f 
po ly(dA -dT ) as shown, O.gmM each o f  dTTP and (^H)dATP and 5 u n its  o f  
E. c o I i  DNA polymerase.
The s p e c if ic  r a d io a c t iv i t y  o f  the (^lt)dATP was MiO c .p .m ./n m o le . 
In cub a tio n  was c a r r ie d  ou t a t  37°C.
The c o n tro l tube was not Incubated and no prim er was added.
c e n tra l Inn (u n it )
L L Q i'i. 'L tI ri,p f f f c< t o f  I nr ro .n  i nti pr Imvv c o n ce n tra tio n s  and 
i m iih,it ion p i-r iods on the sy tU l'u s is  o f  po ly(dA-dT) 
(r (i r  I £•:■ |jiii»I s to  la h ln  -’ 3 ).
The In c o rp o ra tio n  o f  deoxynucteoLide in  the separa te DNA 
polymerase assay DNAj -p rim e r -> DNA' was the  same as th a t fo r  the DNA 
polymerase re a c tio n  o f  the seq u e n tia l system. This con firm s  th a t 
the a c t io n  o f  DNA polymerase was e lim in a te d  d u rin g  the RNA polymerase 
incu b a tio n  p e r io d . The ra te  o f syn th e s is  o f  DNA polymer (DNA1) Is 
Independent o f  the p y r im id in e  n u c le o tid e  whether i t  be ilTTP, i t s  
analogue, o r  a m ix tu re  o f  bo th , sec Tab le Zha.
From Table 23b i t  can bo soon th a t the amount o f  po ly(A -U ) 
synthcs I zed in  the separa te assay is  s u b s ta n t ia lly  less than th a t 
synthes ized In  the seq ue n tia l system. The decrease in  po ly(A -U ) 
syn the s is  w ith  inc re a s in g  brom odeoxyurld lne in c o rp o ra tio n  In to  the 
DNA1 is  no t as marked as in  the p re v io us  exp e rim en ts . See F igu re  22. 
The in co ns is te ncy  in  these r e s u lts  w i l l  be d"scussed In S ection  k .
3• 4 T ra n s c r ip t io n  o f  po ly(dA -dT ) and poly(dA-BrdU)
The a v a i la b i l i t y  o f  a commercial p re p a ra tio n  o '  the analogue o f 
p o ly (d A -d T ), p o ly (d A -B rd li)  made I t  p o s s ib le  to  measure d i r e c t ly  
the prim ing . i b i l i l y  ; f  ■ U) to  prime RNA polymerase
a c t io n . Thus po ly(dA  iy{dA-BrdU ) were used as prim ers  fo r
po iy(A -U ) syn the s is  in  on is o la te d  RNA polymerase incu b a tio n  m ix tu re , 
The r e s u lts  ore shown In Table 25- The components o f  the re a c tio n  
m ix tu re  For (a ) , (b) and (tl) d i f f e r  s l i g h t l y  from those o f ( c ) , (c ) and 
( f ) ■ The form er group con ta in ed the assay m ix tu re  used in  the 
o r ig in a l  RNA polymerase assay S ection  3•1•4 w h ile  the la t t e r  conta ined 
the assay m ix tu re  ndap'ed fo r  use In  tin : seq ue n tia l systeti However, 
th is  d if fe re n c e  d id  no t e f fe c t  the re s u lts .
103.
Another importanL d if fe re n c e  among these experim ents was the fa c t 
th a t 2 d i f f e r e n t  p re p a ra tio n s  o f  p o ly (d A -B rd ll) , both purchased from 
Generai B iochem ica is , were used. These a re  described in  the legend 
o f  Tab le 25. I t  is  apparent th a t ba tch e x h ib its  con s ide ra b ly  
low er a b i l i t y  to prime RN4 polymerase than does po ly(dA-dT ) w h ile  
batch Ml( e x h ib its  a p rim in g  c a p a c ity  s im ila r  to  th a t o f  po ly (d A -d T ). 
These c o n f l ic t in g  ob se rva tion s  w i l l  be d iscussed in  S ection  4.
101*.
Table 2>i (a) and (b) . A double l.ibe l a n a ly s is  o f  thv se q ue iu la l 
sys\.®n
Table 2k (a) The syn the s is  oF DNA polymers
R e la tiv e  p ro p o rtio n s  
o f  dTTP and BrdUTP In 
the re a c tio n  mi Lure 
(po ly(d A -dT )-p rin ted
(^H)dAMP inco rpora ted  
(n iro les /assa y i
1 dTTP S BrdUTP Assay 1 A , , . ,  I Means
100 - 11.92. 14.46 13.89, 12.80 13.27
75 25 14.03, 12.62 13.80, 12.99 13.37
50 SO 13.13, 12.75 12.95, 11.82 12.67
25 75 11.87, 13-38 - 11.63
100 9 .35 , 13.82 12.89, 11.39
" - 1 .01, 0.75 0 .66 , 0.79 0.80
65 ,ro - '3 .3 3 , 10 .6 , 11 .32, 11.87 11.89
*  C ontro l
* *  DNA polymerase assay o n ly
Foi legend see Pa.’ e 107<
Table 24 (b) The syn the s is  o f  po ly(A -U )
Re la  t  f ve p ro p e r t iona 
o f  dTTP and BrdUTP In 
the re a c tio n  m ix tu re  
(p a ly (dA -d T )-p rI mod
( U C)AHP 1 ncorpora ted 
is /a ssa y )
% dTTP % BrdUTP Assay 1 Assay 2 Mean Standard D ev la tion
100 . 2.30 , 2.63 2.54 , 2.37 2.47 0.14
75 25 2.40 2.29 2.47 , 2.63 2.45
50 50 2.51, 2.37 2.43 , 2.19 2.30 0.14
25 75 2 .13 , 2.15 - 2.15
- 100 1.93 , 2.95 2.65 , 2.33 2.46 0.43
*  m - 0 .14 , 0.10 0.10 , 0.12 0
* *  100 - 1.20 , 1.15 1.16, 1.36 0
*  C ontro l
* *  RNA polymerase assay o n ly  
For legend see Page 107.
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5 BrdUTP In ihc  rea c t Ion m ix tu re  
The syn th e s is  o f  po ly(A -U ) from  prim ers 
co n ta in in g  inc re a s in g  amounts o f  BrdUrd. 
(corresponds to  Tab le 24b)
For legend sec page 107.
107.
Legend to  Tab le 24(a) and (b) and F igu re  22 
A double la b e l a n a ly s is  o f  the  seq ue n tia l system.
The components o f  the. re a c tio n  m ix tures were made up as described in
S ection  2.5 .1  D Tables 6 , 7 . 8 and $,
(a) The components fo r  the Is o la te d  and seq ue n tia l re a c tio n  m ix tures 
c o n ta in in g  DNA polymerase were in  0 .2  ml and con ta ined SM, 0.02
u n its  o f  p o ly (d A -d T ), O.ImM each o f  (^H)dATP and dTTP (and or
BrdUTP) and 5 u n its  o f  E. co l I DNA polymerase.
In cub atio n  was c a r r ie d  ou t a t  37°C fo r  30 m in u te s .
(b) The components fo r  the re a c tio n  m ix tu res  c o n ta in in g  RNA polymerase 
were In 0.3 ml and con ta in ed SM, 0.02 u n its  o f  po ly(dA -dT ) 0.53mM 
each o f  DTP and (^C )ATP and 0.48 u n its  o f  E. co l I RNA polymerase, 
The assay co n d it io n s  fo r  the seq ue n tia l re a c tio n  were i n i t i a l l y  
those o f the DNA polymerase re a c tio n .
F in a l RNA polymerase assay co n d it io n s  were ob ta in ed  on the 
a d d it io n  o f  a Mg^+ and Mn^+ s o lu t io n , 0.53mM each o f  UTP and 
( ! i |C)ATP and 0.48 u n its  o f  E. c o l l  RNA polymerase.
In cub a tio n  was c a r r ie d  o u t a t  37°C fo r  30 m in u to s .
The s p e c if ic  r a d io a c t iv i t ie s  o f  (^H)dAMP and (^C)AMP were 
577 and 1.2 x 102 c .p .m ./n m o le  re s p e c tiv e ly .
Thu c o n tro l tubes were no t Incubated. The mean va lue  o f  these 
c o n tro ls  we, i sub tra c te d  from the re s u lts  g iven fo r  each assay
Table 25. Comparison o f  the p rim ing a b i l i t y  o f  the copolymers 
(dA-dT) and (dA-BrdU) in  tra n s c r ip t io n
( C)AHP inco rp o ra te d  inco rp ora ted
in  30 m in. (nm oles/assay) in  15 m in.
(nm oies/asspy)
a+ b+
Poly(dA-dT) 1.46 0.73 0.61 2 14 0.77 0.66
Poly(dA-BrdU) 0.02 0.85 0.72 2.29 0.01 0.02
+ R esu lts  an average o f 2 assays each
*  R esu lts  an average o f 3 assays each
The components o f  the re a c tio n  m ix tu res  fo r  (a ) ,  ( b ) , (d) were as 
described in  S ection  2 .1 .5  C Table 5, and con ta ined in  u.25 m l, SM, 
0.2 u n its  o f  po ly(dA -dT ) o r  po ly (d A -B rdU ), 0.6(imM each o f  UTP and
( ' 1|C)ATP, and 0.3 u n its  o f  UNA polymerase fo r  (a) and (b) and 0.4 u n i t
fo r  ( d ) .
The components o f  the re a c tio n  m ix tu res  fo r  ( c ) , (c ) and ( f ) were as 
de scrib ed In S ection  2 .5 .1  D Table 7 and con ta ined in  0.3 m l, SM
0.2  u n its  o f  pv lv(dA -dT ) ■■■• po iy(dA-BrdU ) , 0.53mM each oF UTP and
( ' ,|C)ATP end 0.41 u n its  o f  RNA polymerase fo r  ( c ) .
0.43 u n its  fo r  (c) and 0 .5  u n its  fo r  ( f ) .
As d i f f e r e n t  p re p a ra tio n s  o f  |io ly(dA-BrdU ) wurti used these are 
l i s t e d i  (a) and (b) ba tch M;()
( c ) , ( 0 .  ( e ) , ( f ) , batch 
The ( ,1|C)ATP had a s p e c if ic  a c t iv i t y  o f  1 .6 -1 .9  x 10^ c .p .m ./n m o le . 
In cub atio n  was c a r r ie d  o u t a t  37°C.
h, DISCUSSION
The evidence presen ted in  th is  s tudy was the re s u lt  o f  an attem p t 
to  e lu c id a te  the node o f  in h ib i t io n  o f ce l i  d i f f e r e n t ia t io n  by BrdUrd.
On the assumption th a t th is  BrdUrd e f fe c t  Is  a consequence o f i t s  
in c o rp o ra tio n  in to  the DNA, i t  was suggested th a t d i f f e r e n t ia t io n ,  as 
opposed to  c e l l  d iv is io n ,  is  dependent on the presence o f po lydeoxythym id l 
c lu s te rs  In the DNA. T h is  suggests th a t polydeoxybrom iyjine reg ions which 
d u rin g  re p lic a t io n  -ire  de rive d  from  po lydeoxythym id ine  reg ions may no t be 
capable o f  d ir e c t in g  tra n s c r ip t io n  through RNA po lym erase*. DNA polymers 
w ith  sca tte re d  BrdUrd u n 'ts  however may no t ap p re c ia b ly  e f fe c t  the 
tra n s c r ip t io n  procc '-s . As the p ro p o rtio n  o f  BrdUrd in  the DNA Is 
increased I t  is  suggested th . it  - il 'l  1 i *y  to  prim e RNA tra n s c r ip t io n  
decreases.
An in  v i t r o  system was designed to  te s t th is  h yp o the s is . NKA 
polymerose re a c tio n s , which syn the s ize d  DNA polymers va ry in g  In BrdUrd 
c o n te n t, were coupled to  RNA polymerase tra n s c r ib in g  systems. On 
subsequent In cub a tio n  the  amount o f  p o ly  ( A - u )  syn th e s is  was measured.
This seq u e n tia l system was dvscrlbe d in  S ection  3-3 and was represented 
by the fo llo w in g  re a c t io n : DNAj-prim er ^  >■ DNA1 RNA. Using
po ly  (dA-UT) as the DNAj-prfmor in  re a c tio n  (a) polymers were formed 
c o n ta in in g  In c re as in g  imounts o f brom odeoxyurid lnc w ith  corresp on d in g ly  
di’ c roa s lm i .iino iiiil'. o f  ilsym hlhn' (S vc ilo n  fi . 3 ) .  In th is  rxp e rlm e n ta l 
design the f u l l y  s u b s t itu te d  polymer wos p o ly (d A -tird U ). These polymers 
were then tra n s c rib e d  using RNA polymerase In re a c tio n  ( b ) .
*  Po ly(dT) sequences ■ be s ite s  o f c o n tro l and In i t ia t i o n  in  the 
re g u la t io n  o f  gene i  .. c s ; lo n  req u ired  fo r  the d if f e r e n t ia te d  s ta te .
See page 27 and 32.
The main In te rp re ta t io n  o f the r e s u lts  o f  th is  In v e s t ig a t io n , Is 
th a t BrdUrd In c o rp o ra tio n  in to  the DMA does decrease the e f f ic ie n c y  o f 
RNA syn th e s is . When po ly(A -U ) syn the s is  Is  d ire c te d  by a poly(dA-BrdV)
prim er the decrease in  ( i ',C)AMP in co rp o ra tio n  in to  an a c id  In so lu b le
p ro du c t is  between 20 to  60%,
In the Fo llow ing se c tio ns  o f  th is  d is cu ss io n  the re s u lt s ,  and the
in  v l t r o  system o f  a n a ly s is  used to  o b ta in  them are  c r l t l e a l l y  exami ned.
4.1 N uc leo tide  polymerase assay systems
The assay c o n d it io n s  used fo r  bo th the M. ly s o d e ik tic u s  DNA p o ly ­
merase and E. c o i l  DNA polymerase were de rive d  from the T rls -H C I b u ffe r  
system used by Zimmerman (1966 ). These c o n d itio n s  were the same as 
those r o u t in e ly  used by M ile s  L a b o ra to rie s  fo r  the assay o f  M. ly so d e ik ­
t ic u s  DNA polymerase. The re s u lts  In  F igu res 10 and 12 on the a c t iv i t y  
o f  these enzymes in d ica te d  a loss o f  50-65% o f  the a c t iv i t y  s p e c if ie d  by 
the m an ufa ctu re rs . The assay c o n d it io n s  d i f f e r e d  from those o f the 
m anufactu re rs  o n ly  In  the case o f  the E■ col I DNA polymerase sup p lie d  
by Boehrlnner-Mannheim La bo ra to rie s  who used a phosphate b u ffe r  system.
A p o s s ib le  e xp la n a tio n  fo r  these low fig u re s  was loss o f a c t iv i t y  du rin g  
tra n s p o rt .  However, the enzymes were sup p lie d  by a i r  and the packaging 
u s u a lly  conta ined some d ry  ice  on a r r i v a l .
Accord ing to  R ichardson c t  a l . (1964) the r a d io a c t iv i t y  rendered 
In s o lu b le  In  a po ly (dA -dT )-prlm ed re a c tio n , Is  p ro p o rtio n a l to  the amount 
o f  E. co l i enzymn. added in  the range 0.02 to  0 .2  u n its .  However F igu re  10 
shows th a t fo r  M, ly s o d e ik tic u s  l in e a r i t y  between product formed and enzyme 
c o n ce n tra tio n  was In the range o f  0.08 to  0.04 u n its  and f ig u re  12 shows 
l in e a r it y  in  the range 0.02 to  0.75 u n its  fo r  E. c o l l  enzyme.
M l .
The re fo re , in  e f fe c t ,  the enzyme co n ce n tra tio n  used fo r  most assays 
was a p p ro x im a te ly  1 to  2 u n its  and not 5 u n its  as s p e c if ie d  by the 
m anufacturer (see se c t io n  3 . I . 2 , ) .  This however, does no t a f fe c t  the 
r e s u lts  and conc lus io ns  o f th is  work as i t  is  a com parative s tu d y . The 
c o n ce n tra tio n  o f DNA polymerase r o u t in e ly  used remained con s ta n t th rough­
ou t except when o th e r c o n d it io n s  were req u ire d  fo r  s p e c if ic  pu rposes.
The r e s u lts  in  F igu re  15 where there is  no loss o f  p roduct d u rin g  
the 400 to  1200 m inute incu b a tio n  pe rio d  shows th a t the H. ly s o d e ik tic u s  
DNA polymerase is  f re e  o f DNAase a c t iv i t y .  No s im ila r  s tu d ie s  were 
perform ed on the E. c o l l  enzyme.
In  Tables 11 and 12 i t  can be seen th a t the  f in a l  de oxyn uc le o tid e  
in c o rp o ra tio n  o f te n  appears to  be h ig he r than the amount o f  deoxynucleo- 
tid e s  I n i t i a l l y  a v a ila b le  In  the  DNA polymerase re a c tio n . T h is  may be 
exp la in ed in  terms o f  an e r r o r  in  the d e te rm in a tio n  o f  the s p e c if ic  
ra d io a c t iv i t y  o f  the la b e lle d  su b s tra te  deoxyribonuc1eos1de 5 '" t r ip h o s -  
phate re s u lt in g  In  low counts . However, as th is  is  a com parative study 
under con s ta n t assay c o n d itio n s  th is  problem is  o f  l i t t l e  consequence.
The b a c te r ia l DNA polymerase assays were designed to  de term ine 
p r im a r ily  the  degree o f po1ydeoxynucIeo11de syn the s is  under de fined 
c o n d itio n s  and no t the a c t iv i t y  o f  the enzyme per se. Thus op tim a l 
enzyme assay c o n d it io n s  were no t o f  prim e im portance. The main aim 
was to  produce d i f f e r e n t  DNA species fo r  use as prim ers in  the coupled 
RNA s y n th e s iz in g  system (sec S ection  3 -3 )-
The RNA polymerase enzyme assays were used to  te s t the a b i l i t y  o f  
the enzyme to  tra n s c rib e  the DNA products o f the DNA polymerase re a c tio n s . 
The assay c o n d itio n s  fo r  hc",h re a c tio n s  were chosen to  f a c i l i t a t e  the 
cou p lin g  o f  the RNA polymerase re a c tio n  to  the preced ing DNA polymerase 
system. I t  was o n ly  because o f the h ig h e r Io n ic  requirem ents o f  RNA 
polymerase fo r  MgZ+ and Hn^+ th a t these re a c tio n s  cou ld be coup led , see 
S e c tion  4 .4 .
4.2  The e f f ic ie n c y  o f bromodeox y u r id in e  s u b s t i tu t io n  fo r  
thym id ine 'u r ln g  DNA re p lic a t io n
In  o rd e r to  check th a t the BrdUTP prepared fo r  th is  s tudy could 
s u b s t i tu te  fo r  dTTP du rin g  the syn the s is  o f  DNA, the experim ent using 
c a l f  thymus DNA polymerase and c o i f  thymus DNA as prim er was performed 
as de scrib ed in  S ection  3 .2  and Table 10.
From these re s u lts  i t  appears th a t BrdUTP can rep la ce  dTTP in  the 
syn th e s is  o f  DNA wl th  an e f f ic ie n c y  around 90?.. T h is  is  comparable 
w ith  the re s u lts  o f  o tb ? r w orkers who used b a c te r ia l DNA polymerases 
w ith  c a l f  thymus DNA as p rim e r. Bessman e t a l . (1958) found a 97% 
s u b s t i tu t io n  using E. c o l i  DNA polymerase. Okazaki and Kornberg (1964) 
observed a 95% BrdUMP replacem ent w ith  B. s u b t i l l s  DNA polymerase and 
a 93% replacem ent w ith  the E. c o l i  enzyme.
When both dTTP and BidUTP were o m itte d  from the re a c tio n  m ix tu re , 
lea v ing  o n ly  the o th e r th re e  de oxyn uc le o tid es , a 51-54% In c o rp o ra tio n  
o f  (*H)dCMP was observed (Table 10). This con firm s  th a t a 11 fo u r  
deoxynucleoside 5 '" tr ip h o s p h a te s  are req u ire d  fo r  maximum enzyme a c t iv i t y .  
I t  a lso  demonstrates th a t the BrdUTP synthes ized du rin g  th is  work can 
s u b s t i tu te  e f fe c t iv e ly  fo r  dTTP In an in  v i t r o  DNA polymerase re a c tio n .
4.3 The syn the s is  o f  DNA polymers c o n s is tin g  o f dAMP 
a lte rn a t in g  w ith  e ith e r  dTHP o r BrdUMP
P oIy(dA -dT )-prlm ed, po iy(dA -B rdU )-p rim ed and unprlmed DNA polymerase 
re a c tio n s  always y ie ld  DNA products In which dAMP a lte rn a te s  w ith  
dTMP(BrdUMP), see se c t io n  1.5 .
A d d it io n a l evidence r e la t in g  to  the a lte r n a t in g  na tu re  o f these 
polymers was ob ta in ed from the DNA polymerase assays In which sub s tra te  
con ce n tra tio n s  wore l im i t in g ,  I .e .  in  those assays In which to ta l su b s tra te  
In c o rp o ra tio n  was ach ieved. For example In the  la s t  experim ent described
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in  Table 12, where the in c o rp o ra tio n  o f  ( 3H)dTHP was fo llo w e d , 1001 o f 
the p y r im id in e  s u b s tra te  was In corpo ra ted  in to  product DMA, w h ile  in  
some o f the experim ents described in  Tab le 15 ( 3H)dAMP in c o rp o ra tio n  
was fo llo w e d , 80-100% o f  the pu rin e  su b s tra te  was inco rp o ra ted  in to  DNA. 
Thus i t  can be concluded front th is  evidence th a t in  th is  system th e re  is  
pp rox lm ate ty  equal in c o rp o ra tio n  o f  p u rin e  and p y r im id in e  nu c leo tide s  
In to  product DNA. This supports  the co n te n tio n  th a t these 0NA products 
co n s is t o f  a lte r n a t in g  sequences o f dAMP and dTMP (BrdUHP).
Furtherm ore, from the experim ents described In Table 15 i t  can be 
seen th a t the  degree o f In c o rp o ra tio n  o f ( 3H)dAMP is  Independent o f  the 
na tu re  o f  the  p y r im id in e  s u b s tra te , dTTP o r BrdUTP.
These c o n s id e ra tio n s  concern ing the na tu re  o f  the product o f  the 0NA 
polymerase re a c tio n  we-e s u b s ta n tia te d  in  the double lab e l experim ent 
de scrib ed in  S e c tio n ], Table 24b. The m agnitude o f  DNA syn the s is  is  
e q u iv a le n t reg a rd le ss  o f the p ro p o rtio n s  o f dTTP and BrdUTP in  the 
re a c tio n  m ix tu re , w ith in  a reasonable m argin o f  e r ro r .
However, th is  cannot be un eq u ivo ca lly  e s ta b lish e d  w ith o u t perfo rm ing 
n u c le o tid e  sequence a n a ly s is . N eve rthe le ss, i t  would seem reasonable 
from  the above evidence th a t the inp u t o f  dTTP w ith  respect to  BrdUTP 
determ ines the r e la t iv e  p ro p o rtio n s  o f  dTMP and SrdUMP in  the DNA p rim er  
fo r  the RNA polymerase re a c tio n .
Another aspect o f  these r e s u lts  Is  th a t po ly(dA-BrdU ) appears to  be 
a s l ig h t ly  more e f f i c ie n t  p rim er than p o ly (d A -d T ), see Table 15. One 
p o s s ib i l i t y  Is  th a t th is  is  duo to  s t ru c tu ra l v a r ia t io n ,  In  the commercial 
sup p lie d  polymers to r  example poly(dA-BrdU ) may hove been o f  lower m olecul 
w e ig h t and consequently may have had more fre e  3 1 OH groups pe r u n it  
amount o f  polymerase. DNA polymerase is  w e ll known to  be s tim u la te d
by these groups {Davidson 1972), T h is  is  a p o s s ib le  exp la n a tio n  fo r  the
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g re a te r  p r im in g  c a p a c ity  o f  po ly (d A -B rdU ). U n fo r tu n a te ly  fo r  reasons o f 
q u a n t ity  and cos t I t  was not p o s s ib le  to  s t r u c t u r a l ly  ch a ra c te ris e  the 
com m ercia lly sup p lie d  poly(dA-BrdU ) and compare i t  w ith  the s tru c tu re  o f 
the po ly(dA-dT) p re p a ra tio n s .
I t  should a ls o  be noted th a t th ere  Is  con s ide ra b le  v a r ia t io n  between 
experim ents o f  a s im ila r  k in d , such as those described in  Table 15 and 22. 
However, good agreement Is  found between d u p lic a te  assays w ith in  an 
experim ent as seen in  Table 15- This d iscrepancy between experim ents 
Is  d i f f i c u l t  to  e x p la in  but presumably is  la rg e ly  due to  v a r ia t io n s  which 
r e s u lt  from de a lin g  w ith  ra th e r  la b i le  enzymes. The re fo re  d e s p ite  th is  
problem i t  would seem v a l id  on the ba s is  o f  the re s u lts  presented to  draw 
the con c lus io ns  made above.
<4.4 RNA polymerase a c t iv i t y  In the  seq ue n tia l system and 
In the is o la te d  RNA syn the s is  sys tem
in  th is  s c c tio n  the t l v i t y  o f  RNA polym erase, In the seq ue ntia l 
system DNAj-prim er •>DNAI -*■ RNA and the Is o la te J  re a c tio n  DNA ■+ RNA, Is 
d iscussed.
The re s u lts  presented In S ection  3 .3 .2  and Tafoie 14(11) I l lu s t r a te  
th a t the presence o f  DNA polymerase and excess dcoxynucleoside 5 ' - t r ip h o s ­
phates In re a c tio n  (b) o f  the  seq ue n tia l system, do not s ig n i f ic a n t ly  
e f fe c t  the a c t iv i t y  o f RNA polymerase. T h is  o b se rva tion  is  supported 
by Berg e t a l ■ (1965). They have shown th a t RNA syn the s is  primed by 
c a l f  thymus DNA is  un a ffe c te d  by the presence o f DNA polymerase and the 
fo u r  deoxynucleosido S '-t r lp h o s p h a te s .
I t  was o n ly  p o ss ib le  lo  couple the DNA polymerase and RNA polymerase 
re a c tio n s  because RNA polymerase e x h ib its  h ig he r d iv a le n t c a t io n  
requ irem en ts . Accord ing to  Zimmerman 0 9 6 6 ) ,  the a c t iv i t y  o f  DNA 
polymerase drops con s id e ra b ly  w ith  an Increase In  Hg7*"1" c o n r^n r- 'n tlo n  to
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10 and an increase in  Mn^+ conco iU ra l io r  lo  10 ^H. The d iv a le n t 
c a t io n  requirem ents o f  RNA polymerase a te  ..ppioxiraaCelv iC 2M fo r  Mg^+ 
and 2 x 10 fo r  Mn^+ . A t such h ig h  c a t io n  c o n ce n tra tio n s  the a c t iv i t y  
o f  DMA polymerase should be n e g lig ib le .  This was s u b s ta n tia te d  by the 
double lab e l experim ent described In S ection  3 -3 .5 , Tab le 24a. No 
Increase In DMA syn the s is  took p lace a f te r  the a d d it io n  o f the re q u ire ­
ments fo r  the RNA polymerase re a c tio n  and a fu r th e r  30 m inute In cub atio n  
p e r io d , d e sp ite  t l v  presence o f  s u b s tra te  deoxynucleoslde S '-t r lp h o s p h a te s  
du r in g  th a t tim e . Furtherm ore, as rep o rted  In the r e s u lts  S e c tion  3 -3 .2  
a p r e c ip ita te  formed on the a d d it io n  o f the Mg2+ and Mn2+ Ion requirem ents 
f o r  the RNA polymerase re a c tio n . T h is  p ro c S p ifa te  p ro ba b ly  conta ined 
in a c tiv a te d  ONA polymerase.
The a c t iv i t y  o f  RNA polymerase primed by po ly(dA-dT) in  the Iso la te d  
RNA polymerase re a c tio n  was reasonab ly con s ta nt from experim ent to  
experim ent as shown In Tables 12, 14 ( I I ) ,  25, and F igu re  13, I t  was
fre q u e n t ly  In the range o f l.O -J .O  nmoles ('''C)AMP inco rp o ra ted  per 
30 m inutes.
However, when RNA polymerase a c t iv i t y  was fo llo w ed  In the seq ue ntia l 
system there was an apparent increase In enzyme a c t iv i t y ,  fo r  example 
In Tables 12, 14, 17-21 ( 11,C)AMP In c o rp o ra tio n  in  the range 4 .0 -7 .0  nmoles 
per 30 m inutes was o b ta in ed . The is o la te d  RNA polymerase system Is 
prim ed by 0 .1 -0 .2  u n its  o f  po ly(dA-dT) w h ile  tho seq ue n tia l system Is 
prim ed by 0 .1 -0 ,2  u n its  o f  po ly(dA-dT) i n i t i a l  p rim er p lu s  DMA' product 
synthes ized d iir ln q  I ho RNA ixilyim ’ iMso I ncubnl io n . Thus l  ho increase In 
RNA product in  the  seq ue n tia l system may be a t t r ib u te d  to  the a v a i l a b i l i t y  
o f  a la rg e r q u a n tity  o f  p r im er.
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i t . 5 The ro le  o f  the i n i t i a l  prim e; : n the syn the s is  o f  
RNA In the seq u e n tia l system
The seq ue ntia l system was enveloped to  te s t the a b i l i t y  o f  the DNA1- 
pro du c t to  d ir e c t  po ly(A -U ) s y n th e s is . A problem inh e re n t in  th is  system 
was the p o ss ib le  ro le  p layed by the i n i t i a l  DNA prim er o f the  DNA p o ly ­
merase re a c tio n  in  p rim ing the subsequent RN,\ polymerase re a c t io n . In 
most experim ents the n u c le o tid e  con te n t o f  the i n i t i a l  p r im er d if fe re d  
from th a t o f  the DNA1 p ro d u c t. Thus i t  was o f  c r i t i c a l  Im portance to  
ensure th a t i t  d id  no t s ig n i f i c a n t ly  c o n tr ib u te  to  the syn th e s is  o f  RNA.
The DNA polymerase re a c tio n  (a) was th e re fo re  designed to  produce a 
g re a t excess o f  p roduct DNA1 over I n i t ia l  p r im e r. By th is  means the 
in flu e n c e  o f  the i n i t i a l  p r im er on RNA syn the s is  was m in im ize d . An 
excess o f  product DNA ove r i n i t i a l  p rim er DNA in  the range 8-20 fo ld  was 
achieved by the use o f  long incu b a tio n  pe rio ds  o r  minima I i n i t i a l  DNA 
p rim er con ce n tra tio n s  In the  DNA polymerase re a c tio n . These re s u lts  
are  shown in  Tables 11, 12 and 23.
Another approach was to  a ttem p t to  com p le te ly  e lim in a te  the I n i t ia l  
DNA prim er by the use o f  an unprimod DNA polymerase re a c t io n , I .e .  
no prim er ■* DNA' -> RNA. I t  Is  w e ll e s ta b lis h e d  th a t tn ic ra b is )  DM 
polymerases are capable o f s yn th e s iz in g  poIydeoxynuc1e o tId e  in  the absence 
o f  DNA prim er (Scliachman c t  a 1 ■ i 960) .  P re lim in a ry  experim ents described 
In  Tab le lh ( lv )  in d ic a te d  th a t th is  m ight be 0 v a l id  approach. However, 
subsequent experim ents de scrib ed In Table 15 demonstrated th a t the 
q u a n t i ty  o f  DNA product In unprlined re a c tio n s  were v a r ia b le .  As shown 
in  Tab le 15 th e re  is  no con s is ten cy  In uiuct synthes ized even between 
two d u p lic a te  assays Incubated fo r  the s* • n r lo d .
T h is  supports the  ob se rva tion s  o f Roddlng and Kornbcrg ( I 962) In  th a t 
the syn the s is  o f  polymers in  an unprimod sys i -m is  I n it ia te d  by a number 
o f  enzyme ca ta lyzed  random syntheses o f phosphod!ester bonds. When a 
pro du c t ab le  to  prim e polymer syn th e s is  Is  Formed ra p id  Increase In 
re a c tio n  ra te  Is  observed.
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Another fe a tu re  o f the unprimed re a c tio n  shown in  F igu re  16 and 
Table *> is  th a t po ly(dA-dT) Is  more re a d i ly  formed than po! y (dA -B rd tl) , 
Thus I t  was concluded th a t unprimed DNA syn th e s is  cow id  no t be employed 
th lv  In v e s t ig a t io n .
A fu r th e r  a ttem p t to  reduce the in flu e n c e  o f  the in i t la l- p r im e r  
in  re a c tio n  (b) was made by using p o ly (d A -B rd ll)  as the  i n i t i a l  DNA- 
p r im e r. T h is  aspect Is  d iscussed In the  S e c tion  4 .7 .
4.6 The e f fe c t  o f  D M -p rim ers co n ta in in g  brom odeoxyurid ine 
on po lv(A -U ) s y n th e s is .
In the prev ious sec tio n s  i t  was shown th a t the DNA polymers which 
are formed In  re a c tio n  (a) o f  the seq ue n tia l system and tra n s c rib e d  In 
re a c tio n  (b) c o n s is t o f  dTMP and o r  BrdUMP a lte r n a t in g  w ith  dAMP. I t  
was a lso  shown th a t the  p ro p o rtio n s  o f  dTMP and BrdUMP in  the DNA1 
product depends on the p ro p o rtio n s  o f th e ir  re sp e c tive  deoxynucleoslde 
S '-t r lp h o s p h a te s  In  the DNA polymerase re a c tio n  m ix tu re . In a d d it io n  
I t  has been dem onstrated th a t the amount o f  DNA' product formed is  
con s ta n t fo r  a l l  assays w ith in  an experim ent.
The hypothes is  u n d e rly in g  th is  work was th a t these DNA products 
would then prime RNA polymerase to  a degree w hich was In ve rse ' 
p ro p o rtio n a l to  th e ir  BrdUrd co n te n t. From the r e s u lt  „ 17*21
and th e ir  corresponding f ig u r e s ,  F igu re  17 to  F igu re  20, and ta b le  24b 
(F ig u re  22) i t  Is  apparent th a t when the mean values o f each ta b le  are 
compared th ere  is  an obvious decrease in  the in c o rp o ra tio n  o f ('*C)AMP 
in to  RNA p ro d u c t, ■ ho BrdUMP content o f  the DNA' prim er Increases.
The o n ly  e xce p tio n . c the mean values o f  the 502 JTTP : 50% BrdUTP 
assay o f Table 19 and the 100% BrdUTP assay o f 24h. S ince these two 
exceptions were in d iv id u a l assays w ith in  8 exp e rim en ts , t o ta l l in g  26 
assays In v o lv in g  v a r ia t io n s  in  BrdUMP con te n t v." the p rim er o f tra n s ­
c r ip t io n ,  I t  is  v a l id  to  conclude th a t they an- i ty p ic a l  re s u lts .
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To compensate fo r  s c a t te r  among Uie r e s u lts  o f  the d u p lic a te  assays 
o f  sach experim ent the s tandard d e v ia tio n  fo r  each o f  ih e  4 sample d iscs  
was c a lc u la te d . In F igu res 17-20 and 11 each mean ( ,I ‘ C)AMP in co rp o ra tio n  
value w ith  i t s  standard d e v ia tio n  Is  p lo t te d  ag a in s t the % BrdUTP con te n t 
o f  the re a c tio n  m ix tu re . T h is  presen ts  the r e s u lts  in  a more g ra ph ic  
form . The trend to  decrease in  ( I l |C)AMP In c o rp o ra tio n  is  again apparen t.
In Table 26 the mean values o f  Tab le 22 are expressed as a 
X o f  th e ir  re s p e c tiv e  100% dTTP va lu e . In a l l  cases th is  is  the va lue  
o f maximum po ly(A -U ) s y n th e s is . From th is  ta b le  i t  Is apparent th a t the 
% decrease Is  no t c o n s is ta n t front one experim ent to  an o th e r. T he re fo re , 
the experim ents sunmarI zed In Ihn above ta b le  show some v a r ia t io n .  The 
amount o f  f u C)AMP in c o rp o ra tio n  v a r ie s  be ween assays o f the same type 
In  d i f f e r e n t  experim en ts . For examp!s the 75% dTTP : 25% BrdUTP 
experim ents under headings 18 and 19 show 20% and A3? re d u c tio n  In ("'C)AMP 
In c o rp o ra tio n . However, the d u p lic a te  assays w ith in  an experim ent can be 
fa vo u ra b ly  compared as shown in  Tables 17*21 and 24b. In  a d d it io n  s im ila r  
degrees o f  po ly(A -U ) syn the s is  are observed whether po ly(dA -dT ) o r  po ly  
(JA-BrdU) were used in  d i f f e r e n t  cxpcrfm en ts . For example, in  the 1008 
BrdUTP experim ents under headings 19 the po ly(d A -dT )-prim e d re a c tio n  
e x h ib its  57% red uc tio n  In  a c t iv i t y  w h ile  the po ly(dA-BvdU )-prim ed re a c tio n  
e x h ib its  64% re d u c tio n  In  a c t iv i t y .  T h is  Is  fu r th e r  support fo r  the 
con c lus io n  th a t the I n i t i a l  DNA prim er does not c o n tr ib u te  s ig n i f ic a n t ly  
to  the RNA syn the s is  re a c tio n .
V a ria tio n s  b o lw v n  vx in 'r im c n l1, cannot onsl ly  c o r ro lo te d  w ith  
v a r ia t io n s  In  Lite components o f  the re a c tio n  m ix tu res  from experim ent to 
experim en t. As shown In  the com parative Tab le 26 the v a r ia t io n s  are not 
re la te d  to  the use o f H. ly s o d c lk tlc u s  DNA p o lym :. asc o r  E■ co l 1 DNA 
polymerase, T h is  o b se rva tion  m ight be expected as these two b a c te r ia l 
DNA polymerases are e s s e n t ia l ly  s im ila r  in  th e ir  In v i t r o  p ro p e rtie s  
(Zimmerman i9 6 0 ) . Furtherm ore, I t  is  a lso  no t p o ss ib le  to  r e la te  these
MS.
Tao ie 26 Comparison o f Uio mean values o f  Tab le 22, o f  the  tra n s ­
c r ip t io n  ,>f DNA-prlmers co n ta in in g  In c re as in g  amounts o f 
b ro m otlcoxyu rid ino , expressed fs  a ?, o f  th e ir  re sp e c tive  
100% dTTP va lu e .
R e la tiv e  pro po r­
t io n s  o f dTTP 
and SrdUTP in
( U C)AMP inco rp o ra i ad (nmo le s /essa y)
the re a c tio n  
m ix tu re Mean val ues of re s u lts  shown In  Tables
% dTTP 'X BrdUTP 17 17 18 19 19 21 24b
100 100 100 100 i 100 too 100 100
75 25 - - 80 57 - 91 85 99
50 SO - - 7k 7 - 75 78 96
25 75 - " 66 47 - 65 73 87
100 83 70 56 •13 j6 63 70 ?
V a ria b le  com­
ponents o f the 
ONA polymerase
m lx tu m
poly(dA-dT) 0.1 0.2 0.1 0.1








Uni t  o f  \:, c o l l  
DNA polymcrnse 5.3 5.3 5.3 2.0 5.0
Source o f 
BrdUTP pared
Pre- Pro- P re­
pared pared pared p iru d  Purchased
v a r ia t io n s  in  C'C)AMP in c o rp o ra tio n  between experim ents w ith  the  use o f 
e ith e r  the BrdUTP prepared by the au th o r o r  the  purchased BrdUTP.
Another p o s s ib i l i t y  which may account fo r  the v a r ia t io n  in  ( 1I|C)AMP 
in c o rp o ra tio n  between experim ents is  the p ro b a b i l it y  o f  v a r ia t io n  in  the 
amount o f  DNA syn the s is  in  the i n i t i a l  re a c t io n . T h is  p o in t is  i l l u s t ­
ra te d  in  Table 15 in  the po ly(d A -dT )-p rim e d  DNA polymerase re a c tio n . 
Experiment ( l )  y ie ld e d  83 nmoles ( 3H) dAKP In corpo ra ted  per assay w h ile  
experim ent (2) > e lded 55 nmoles per assay fo r  Id e n t ic a l assay c o n d it io n s . 
To c la r i f y  th is  p o in t com p le te ly  double lab e l experim ents which fo llo w  the 
s yn the s is  o f  both DNA and RNA in  the  seq u e n tia l system are necessary.
Host o f  these v a r ia t io n s  were observed using 5 u n its  o f  DNA polym erase/
0 .2m l. Table 16 shows th a t unprimed syn the s is  is  con s ide ra b ly  reduced 
when 2 u n its  o f  DNA po lym erase/0.2m l a rc  used. The re fo re  in  the DNA 
polymerase re a c tio n  o f the  seq ue n tia l system o f Tab le 21 two u n its  o f 
enzyme were used to  m in im ize  the  p o s s ib le  c o n tr ib u t io n  o f unprimed 
synthe s is  o f DNA1 p ro du c t. However the v a r ia t io n  in  q u a n t ity  o f  RNA 
synthes ized in  r e la t io n  to  the  BrdUrd con te n t o f  the DNA p ro d u c t, appeared 
to  be independent wheti. r  5 u n its  o r  2 u n its  o f  DNA polymerase/0.2m l 
were used. T h is  re d u c tio n  In DNA polymerase co n ce n tra tio n  docs not 
appear to  a f fe c t  the DNA polymerase re a c tio n , nor does i t  a f fe c t  the 
succeeding RNA polymerase re a c tio n .
A t th is  p o in t I t  should be noted th a t a l l  o f  these d iffe re n c e s  In 
re a c tio n  components between experim ents p e r ta in  to  the f i r s t  re a c tio n  
o f the seq ue ntia l system. The c o n d it io n s  o f the RNA polymerase 
In cub atio n  remained con s ta nt th roughout the s tu dy . However, i t  seems 
probable th a t the v a r ia t io n s  between experim en ts , which were performed 
on d i f f e r e n t  days, are p ro ba b ly  due to  the la b i le  na tu re  o f these p o ly ­
n u c le o tid e  syn th e s iz in g  enzymes. This has been discussed p re v io u s ly .
T he re fo re , I t  would seem th a t the  DMA polymerase re a c tio n  o f the 
seq ue n tia l system does e x h ib it  v a r ia b i l i t y  between experim en ts . How­
e ve r, in  view o f  the con s ta n t trend w ith in  most o f  the above experim ents, 
i t  does seem v a l id  to  conclude th a t as the BrdUrd con te n t o f  the DMA1 
pro du c t increases i t  becomes a less e f f i c ie n t  p rim er fo r  the RNA p o ly ­
merase re a c tio n ,
4 .7  P rim ing c a p a c ity  o f  Poly(dA-BrdU) in 
r e p lic a t io n  and tra n s c r ip t io n
The a b i l i t y  o f  po ly(dA-dT) and po ly(dA-BrdU ) to  d i r e c t  the syn the s is  
o f  po ly(A -U ) by RNA polymerase was in v e s tig a te d  a t th e  o u ts e t o f  these 
s tu d ie s . The r e s u lts  o f the f i r s t  o f  these assays perform ed ind ica te d  
th a t po!y{dA-BrdU) was incapable o f  d i r e c t in g  p rim in g  fo r  po ly(A -U ) 
s y n th e s is . These r e s u lts  a rc  shove in  Tab le  25 columns a and b , In 
a d d it io n  i t  can be seen from  the experim ents de scrib ed in  Table 15 
experim ent (2) th a t po ly(dA -B rdv) Is  an e f f i c ie n t  p rim er fo r  DHA syn th e s is . 
I t  Is  u n l ik e ly  th a t th is  In c o rp o ra tio n  o f {*H)dAHP is  due to  unprimed 
s yn the s is  as the r e s u lts  fo r  the la t t e r  are much low er.
Based on these re s u lts  I t  was assumed th a t po ly(dA -B rd ll) would make 
an e x c e lle n t i n i t i a l  p r im er In the seq u e n tia l system. In such a s itu a t io n  
us ing  po ly(dA-BrdU ) as I n i t ia l  p rim er in  the seq ue n tia l system th e re  cou ld 
be no c o n tr ib u t io n  by i n i t i a l  p rim er to  the RNA syn the s is  re a c tio n . There 
would be no doubt as to  which prim er was e v e n tu a lly  resp on s ib le  fo r  the 
syn th e s is  o f  p o ly (A -U ). The experim ents shown In Tables 17 were thus 
perform ed and repeated In Tab le 19. For the 1002: BrdUTP con ta in in g  
re a c tio n  m ix tu re  primed by poly(dA-BrdU ) a zero In c o rp o ra tio n  o f ( l l | C)AMP 
was expected, however, as Is  apparent from these ta b le s  th is  d id  not 
occu r. The batch (M10) o f poly(dA-BrdU ) used in  a l l  the experim ents 
m entioned above was the f i r s t  purchased. A second batch (M'l) was then
r e c e i'6  "s c r ib e d  In an is o la te d  RNA polymerase re a c tio n . As can
be see- -n Tab le 25 columns c , d , e and f  th e re  Is  no d iffe re n c e  In the 
a b i l i t y  o f  th is  copolymer o f (dA-BrdU) o r  th a t o f  (dA-dT) to  prim e fo r  
po ly(A -U ) syn th e s is . Batch M4 a ls o  appeared to  be an e f f i c ie n t  p r im er 
In DNA syn th e s is  and was used fo r  the  assays o f  Table 21. The c o n f l ic t in g  
re s u lts  In the a b i l i t y  o f  the two batches to  support po ly(A -U ) syn the s is  
In an RNA polymerase ca ta lysed  re a c tio n  cannot e a s i ly  be exp la in e d . The 
assays were repeated to  ensure th a t no experim en ta l e r r o r  had been made.
Both batches o f  po ly(dA-3rdU ) were examined th rough the wavelength o f  230 
to  300 nm. For both p re p a ra tio n s  the a b so rp tion  spectra  were as shown 
In F igu re  6 , w ith  an a b so rp tion  maximum o f  266,5 nm.
I t  has been suggested in  se c t io n  4.8 th a t an RNA polym eruSe-(dA-BrdU)- 
("'C)ATP-UMP complex is  formed. T h is  complex would r e s u lt  In  a measure­
ment o f  ( ' “ c) AMP in c o rp o ra tio n  In d is tin g u is h a b le  from  th a t o f  ( l l | C )- 
p o ly (A - l‘) ,  thus g iv in g  a fa ls e  Im pression o f  po ly(A -U ) syn th e s is . However, 
no exp la n a tio n  fo r  the d iffe re n c e s  in  the p rim in g  a b i l i t y  o f  the two 
purchase batches o f  poly(dA-BrdU ) can be found.
A.8 RNA polymerase and t r a n s c r ip t io n
I t  was concluded In  se c tio n  4.6 th a t the presence o f  BrdUrd In  a DMA 
p rim er does appear to  decrease the e f f ic ie n c y  o f  the p rim er du rin g  tra n s ­
c r ip t io n .  T h is  poses the q u es tio n  as to  what the  mechanism o f th is  
In h ib i t io n  cou ld  be. Accord ing to  Burgess 1971, T a y lo r 1966, M a itra  et_ 
ol_. 1966 and BauLz 1967, t r a n s c r ip t io n  may bv in i t ia te d  a t a p " im id ln e  r ic h  
s i t e .  W ith r e la t io n  to  Lhis In v e s tig a tio n  th is  p y r im id in e  r i d .  s i t e  ( I f  
thym id ine) cou ld  become a BrdUrd r ic h  s i te  du rin g  DNA s y n th e s is . The f i r s t  
stages o f  t ra n s c r ip t io n  which In vo lve  the In te ra c t io n  o f RNA polymerase 
w ith  the DNA prim er m ight thus be m o d if ie d , as a r e s u lt  o f  th e  presence 
o f  BrdUrd In the DNA, In l in e  w ith  the hypothes is  presented In th is  th e s is .
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The i n i t i a t i o n  o f t ra n s c r ip t io n  has been envisaged by Burgess (1971) 
to  take p lace In  s ix  stages (see F igu re  23 ).
The fo llo w in g  d iscu ss ion  re la te s  these s ix  stages to  the re s u lts  
o f  th is  in v e s t ig a t io n  in  an attem p t to  e l/u c id a te  the mechanism o f  BrdUrd 
in h ib i t io n .  The DMA prim er under c o n s id e ra tio n  would have been synthes­
ized in th is  work In the presence o f BrdUrd, th e re fo re  a l l  thym id ine u n its  
a re  considered to  have been rep laced by BrdUrd. I t  is  proposed th a t the 
in h ib i to r y  e f fe c t  o f  BrdUrd opera tes a t the stages o f  s tran d sep a ra tion  
and c a ta ly t ic  complex fo rm a tio n  ( i . e .  a t stages th re e  and fo u r ) .
The f i r s t  stage invo lve s  the b in d in g  o f fre e  RNA polymerase to  a 
double stranded DNA in  a n o n -s p e c if ic  and re a d i ly  re v e rs ib le  fa sh io n .
T h is  stage would no t be a f fe c te d  by the presence o f  BrdUrd. However 
d u rin g  the next s..age the enzyme loca tes a s p e c if ic  b in d in g  s i t e ,  p o s s ib ly  
p y r im id in e  c lu s te rs  (S h e ld r ic k  and Szyba lsk i 1967) which would th e re fo re  
be made up o f BrdUrd c lu s te rs .  The presence o f BrdUrd cou ld then e f fe c t  
the th ir d  stage d u rin g  which s tran d  sep a ra tion  occu rs . Strand sep a ra tion  
n o rm a lly  occurs w ith  the fo rm a tio n  o f a h ig h ly  s ta b le  complex o f RNA p o ly ­
merase bound to  the s p e c if ic  s i t e  on the s in g le  s tran d  o f  DNA to  be 
tra n s c rib e d . T h is  stage req u ire s  the s ' m i.  o f  RNA polymerase.
The na tu re  o f  the e f fe c t  which dA in  double stranded DNA
may have on s tran d sep a ra tion  is  now cons ... For s tran d sep a ra tion
to  take p lace In  stage th re e  an Increase in  energy may be req u ire d  to  
s p l i t  the increased s tre n g th  o f the dA-BrdU hydrogen bond (see se c tio n  
1.2 .1  and I union nnd Baldw in 1962). Such Iso la te d  bonds may o n ly  r e s u lt  
in  a s low ing down o f s tra n d  s e p a ra tio n  and thus t r a n s c r ip t io n .  C lu s te rs  
o f  the dA-BrdU bond m ight then be expt’c led  to  r e s u lt  in  to ta l in h ib i t io n  
o f  s tran d s e p a ra tio n . The re s u lts  o f  th is  In v e s tig a tio n  using an a l t e r ­
n a tin g  sequence o f dA-BrdU bonds In the DNA prim er ( I . e .  In  which dA 
a lte rn a te s  w ith  BrdU In the n u c le o tid e  sequence) In d ic a te  th a t the
F igu re  23. The s ix  stages which may occur 
d u rin g  the i n i t i a t i o n  o f 
tra n s c r ip t io n  (Burgess 1 9 7 !).
Stage 1. Free enzyme binds to  do ub le-s tranded DNA In a n o n sp e c ific  
and re a d i ly  re v c rs lb ln  fa sh io n . T h is  b in d in g  is  prevented by 
In h ib ito r s  o f  DNA b in d in g  such as h igh io n ic  s tre n g th , RNA, and 
he pa rin , and does not re q u ire  sigma.
Stage 2. The enzyme loca tes a s p e c if ic  b in d in g  s i t e ,  perhaps a 
p y r im id in e  c lu s te r .  This step may no t re q u ire  sigma.
Stage 3. Strand sep ara tion  occurs w ith  the fo rm a tio n  o f a h ig h ly  
s ta b le  s p e c if ic  complex a t the i n i t i a t i o n  s i t e .  Temperatures above 
about 15°C are req u ire d  to  reach th is  s ta oe , which is  very s ta b le  a t 
37°C and very  low io n ic  s tre n g th , and much less s ta b le  a t lower 
temperatures o r  h ig he r io n ic  s tre n g th . T h is  stage may form in  the 
presence o f r ifa m p ic ln  and appears to  re q u ire  sigma.
Stage *). A change in  the enzyme tc u rs , re s u lt in g  in  the fo rm a tio n  
o f  the r ifa m p ic in - r e s is ta n t  p r e lm i  a t io n  complex. This stage is  
no t very s ta b le  and decays back to  stage 3 in  the  presence o f 
r ifa m p ic ln  and buck to  stage I o r  to  fre e  enzyme In the  presence o f 
he p a rin . This stage may be s ta b i l iz e d  by sigma.
Stage 5. The 5 '" te rm in a l n u c le o tid e  tr ip h o s p h a te , a lm ost always a 
p u r in e , b inds to  tne enzyme.
Stage 6. The second n u c le o tid e  Ir lp h o sp h a te  b inds a llo w in g  the 
fo rm a tio n  o f the f i r s t  phosphodlester bond in  the next s ta ge , th a t o f  
RNA cha in In i t ia t lo n .
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In h ib i t io n  is  no t t o t a l .  However i t  can r e s u lt  in  a 60% decrease oF the 
normal ra te  o f t ra n s c r ip t io n  (see ta b le  In se c t io n  4 .6 ) .  However s ince 
th is  type o f  decrease was observed I t  does no t e lim in a te  the  p o s s ib i l i t y  
th a t homopolymeric BrdUrd c lu s te rs  cou ld  e n t i r e ly  p revent s trand 
se p a ra tio n . In a d d it io n , due to  the increased e le c t r o n e g a t iv i ty  o f  
bromine (Hanawal t  1' V )  the bond between the enzyme anti p y r im id in e  nuc leo­
t id e  may be so s trengthened so as to  re ta rd  stage fo u r . Stage fo u r  
no rm a lly  c o n s is ts  o f  a change In the enzyme which may be s ta b i l iz e d  by 
sigma. The in h ib i t io n  o f  stage fo u r may thus re s u lt  in  an I n a b i l i t y  
o f  the RNA polymerase DNA complex to  undergo the  enzyme change in d ic a te d .
Burgess ( 1969) observed a p o s i t iv e ly  charged b in d in g  s i t e  In the 
RNA polymerase m olecule du rin g  p u r if ic a t io n .  In a d d it io n , the s i t e  o f 
DNA b in d in g  on RNA polymerase appears to  in vo lve  p o s i t iv e ly  charged 
reg ions (Burgess 1971)• E ith e r  o f these two e f fe c ts  may reduce the 
tr a n s c r ip t io n  ra te  o r  they may be cum u la tive . The subsequent stages 
re s u lt in g  in  tra n s lo c a t io n  would then not occu r.
4 .9  A d iscu ss io n  o f  p o s s ib le  a r t i fa c tu a l  problems o f 
the seq ue n tia l system.
The fo rm a tio n  du rin g  RNA synthe s is  o f an Enzym e-(dA-BrdU )-{, l |C) 
ATP-UMP complex:
This work has shown th a t In c re as in g  amounts o f BrdUrd In the 
seq u e n tia l system in h ib i t  RNA polymerase a c t iv i t y .  I t  cou ld  be argued 
th a t com plete replacem ent o f  thym id ine w ith  BrdUrd m ight t o t a l l y  in h ib i t  
RNA syn th e s is . However Table 26 shows th a t the maximum In h ib i t io n  o f 
RNA syn the s is  observed was 74":. However, fo r  reasons discussed below, 
the tru e  le v e ls  o f  RNA syn the s is  In com p le te ly  BrdUrd s u b s titu te d  DNA 
primed systems m ight have been lower than observed in  th is  work.
These reasons r e la te  lo  the model o f  Burgess (1971) which p o s tu la te s  
the fo rm a tio n  oF an Enzyme-(dA-dT) complex du rin g  stage fo u r  o f  h is  scheme 
(see F igu re  23 ). Krakow and Fronk ( 1969) hove proposed th a t the i n i t i a t ­
ing p u rin e  o f stage Five b inds to  the pro du c t te rm inus s i te  on the  RNA 
polymerase m olecule Forming an Enzym e-(dA-dT)-purine complex. The 
second nu c leo s ide  tr ip h o sp h a te  then b inds a t  the  su b s tra te  s i te  w ith  a 
subsequent p o ly m e r iz a tio n  step fo llo w e d  by pyroph osp ho ro lys is  (stage 6 ) . 
Trans lo c a tio n  then takes p lace as RNA polymerase moves on to  the  ne x t s i t e .
T h e ir  s tu d ie s  Invo lved the use o f a system s im ila r  to  th a t crea ted 
fo r  th is  In v e s t ig a t io n . Using Azo tobacter RNA polymerase p re p a ra tio n s , 
co n ta in in g  sigma fa c to r ,  they s tu d ie d  pyrophosphate exchange d u rin g  t h i  
syn the s is  o f  po ly(A -U ) d ire c te d  by p o iy (d A -d T ). According to  th e ir  
model the sigma su b u n it b inds to  the  product s i te  o f  the c a t a ly t ic  u n it  
and is  d isp lace d  as the r(A -U ) synthes ized moves by a s e r ie s  o f  tra n s ­
lo c a tio n  steps through the product s i t e .  Release, o f  the sigma subun it 
in  the p o iy (d A -d T )-d irc c to d  system re q u ire s  r(A -U ) sy n th e s is . I t  Is 
proposed th a t under the present experim en ta l c o n d it io n s  an Enzyme- 
(dA -B rd U )-{) ',C)ATP-UMP complex fo rm s. T h is  complex, being more s ta b le  
than a (dA-dT) one, re ta rd s  tra n s lo c a tio n  where iso la te d  BrdU u n its  
e x is t  and accentuates th is  e f fe c t  where they become more concen tra ted  
In the DNA p rim e r. IF th is  theo ry Is  c o r re c t why do the present re s u lts ,  
fo r  a 100% s u b s t i tu t io n  o f  BrdUrd in  the p rim e r, not tend towards a zero 
syn the s is  o f  p o ly (A -U )? . One p o s s ib i l i t y  is  th a t the Enzymc-(dA-BrdU)- 
( l “ C)ATP-UHP complex Is  in tro d u c in g  extraneous counts in  the measurements 
o f ( 1'l C )p o ly(A -i)) s y n th e s is . T h is  Enzyme complex may be considered the
product o f  BrdUrd In h ib i t io n ,  Uuo Lo the na tu re  o f th is  experim enta l
design th is  p roduct Is be ing measured w ith  any ( 1"c )p o ly (A -U ) th a t may 
have been syn thes ized.
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The RNA po lymerase- (dA-6rdU )- ( 11|C)/1TP-UMP complex form s, t ra n s ­
lo c a tio n  does not take p la ce , and a po lyde oxyn uc leo tide  complex 
c o n ta in in g  ( 1'tC)ATP Is  p re c ip ita te d  on to the  d iscs  In  the sample being 
measured. Thus th e re  would be an accum ula tive  measurement o f  the ( l l | C) 
ATP complex and any ( '"C )p o ty (A -U ) product which may have formed.
Thus poly(dA-BrdU ) would no t be a b le  to  d i r e c t  Iho syn the s is  o f  po ty (A -U ). 
In the seq ue n tia l system used In  th is  w ork, f u l l y  s u b s titu te d  po ly(dA-dT)
i . e .  po ly(dA -B rdU ), s t i l l  supported some syn th e s is  o f  p o ly (A -U ), In  terms 
o f  the hypothes is  j u s t  presented th is  may be accounted fo r  by ( l t |C)ATP 
a ttached In  ac id  p re c lp lta b le  form to  the tem p la te  enzyme complex.
Another p o ss ib le  exp la n a tio n  fo r  the re s id u a l RNA syn th e s is  in  the 
t o t a l l y  BrdUrd s u b s t itu te d  DNA primed system Is  the syn the s is  o f  homo­
polym ers.
This may r e s u lt  In an o vc re s tlm a tio n  o f RNA syn the s is  by a non-poly 
(A-U) p r e c ip lta b le  p ro d u c t. The synthe s is  o f  ( l, ,C)po1y(A) o r  ( l l | C )-p o ly  
(A ),po1y(U ) is  u n l ik e ly  under the c o n d itio n s  used fo r  th is  s tu d y , but 
the  p o s s ib i l i t y  cannot be Igno red. A ccord ing to  Smith e t a l . (196?) 
unprimed syn th e s is  o f  puiy.Vi. .p v ly (U ) has boon known to  In te rF e ro  w ith  in 
v l t r o  systems using E. co l I RNA polymerase. However, th is  is  under 
c o n d itio n s  o f h igh enzyme co n ce n tra tio n  (20 u n its )  and a th re e  hour lag 
p e r io d . Krakow (1968) has demonstrated th a t s ig n i f ic a n t  amounts o f 
n u c le o tid e  in c o rp o ra tio n  can he measured a f te r  a 30 m inute lag pe riod  
using 0.6 mM each o f UTP and ATP. A lthough th is  co n ce n tra tio n  o f  
n u c le o tid e  was used In  these s tu d ie s  they used a much h ighe r co n ce n tra tio n  
o f  enzyme.
Another p o s s ib i l i t y  which cannot be excluded is  the presence o f 
Poly (A) polymerase and p o ly n u c le o tid e  phosphorylasc (Sm ith e t o l . 1967)
In the corm iercla l enzyme p re p a ra tio n s  used in  th is  s tu dy .
These are p o s s ib i l i t ie s  which cannot be e n t i r e ly  exc luded. However, 
con s ide rin g  the sm all amount o f  enzymes used In  these assays and the 
r e la t iv e ly  s h o r t In cub a tio n  p e rio d  fo r  RNA polym erase, the e f fe c t  o f 
any o f  the abovn would probab ly  be n e g l lo 'b le .
b. 10 Sum'.  j_
1. I t  has been dem onstrated th a t a DMA polymerase re a c tio n  can be 
coupled s u c c e s s fu lly  w ith  an RNA polymerase re a c tio n  in  an In v i t r o  
system as fo llo w s , I . e .  D N A j-p rim e r—  DMA1 —  RNA (F ig u re  14.)
The ra te  o f syn th e s is  o f  DMA is  Independent o f  the type o f 
p y r im id in e  n u c le o tid e  w hether i t  be dTTP, I t s  analogue o r  a m ix tu re  
o f  both.
2. In the above system the m agnitude o f  RNA syn the s is  is  in v e rs e ly  
p ro p o rtio n a l to  the Brdlird  in p u t in to  the DNA syn the s is  r e a c t io n , 
and hence presumably to  the Brdlird  con te n t o f  the DNA template 
(DNA') o f  the RNA syn th e s is  re a c t io n . T h e re fo re , there Is  strong 
evidence to  in d ic a te  tha t B rd lird  in h ib i t s  RNA syn the s is  In th is  
system, w h ile  DNA syn the s is  is  u n a ffec ted .
3. 5-B rom odeoxyurld lne 5 ' " t r ip h o s p h a te  was prepared by d i r e c t ,  
b ro m ln a tlo n  o f d e oxyu rld inc  tr ip h o sp h a te . The y ie ld  was 15-5%.
4. Using a c a l f  thymus DNA polymerase assay system I t  was demonstrated 
th a t BrdUTP can rep lace dTTP In the syn th e s is  o f  DNA w ith  an 
e f f ic ie n c y  around 90?..
5. The q u a n t i ty  o f  po ly(dA-dT) and p o ly  (dA-BrdU) synthes ized In  an
unprlmcd DNA polymerase assay system was found to  he
v u l ia b le ,  C onsistency was no t found in  p ro du c t DNA synthes ized 
even between d u p lic a te  assays Incubated f o r  the same pe r io d .
129.
The main f in d in g s  o f  th is  work (P o in ts  1. and 2 . )  c o r re la te  w e ll 
w ith  the re s u lts  oF In v iv o  s tu d ie s  o f  the e f fe c t  o f  BrdUrd on c e l l  
d i f f e r e n t ia t io n  and col 1 d iv is io n ,  (see In tro d u c t io n ) .  These in  v i vo 
s tu d ie s  have shown th a t d i f f e r e n t ia t io n  is  a rre s te d  a t low con cen tra tio ns  
o f  BrdUrd w h ile  c e l l  ' l iv is io n  proceeds In  on ap pa ren tly  normal fa sh ion . 
T he re fo r ' i , i t  would seem v a l id  to  conclude th a t a p o ss ib le  s i te  o f  a c t io n
o f  BrdUrd in h ib i t io n  o f  d i f f e r e n t ia t io n  is  a t  the le v e l o f  RNA synthe s is
a t c r i t i c a l  s i te s  a long the genome. I t  would seem p o s s ib le  th a t these 
s ite s  con ta in  o l igo thym id ine  res idues o r  thym id ine c lu s te rs .  I f  th is  
is  l i e  case then these s ite s  may br invo lved  in  d ir e c t in g  RNA synthe s is  
in to  p a r t ic u la r  pathways o f  d l ffe re n  t i o t io n . When these s i te  are 
s u b s t itu te d  w ith  BrdUrd the d ir e c t io n  o f RNA syn th e s is  in to  these 
d i f f e r e n t ia t io n  pathways would bo b locked.
The p o te n t ia l o f  the seq u e n tia l system and 
suggestions fo r  fu tu re  work
In the seq u e n tia l system DNA polymers can be syn the s ize d  and 
tra n s c rib e d  wi th o u t th e ir  p rev ious is o la t io n .
The seq u e n tia l system is  In  some ways more s im ila r  to  the  in  v iv o  
syn th e s is  o f  DNA and RNA syn th e s is  in  the nucleus than the separate
In v i t r o  systems fo r  DNA syn the s is  and RNA s yn the s is  used in  most s tu d ies
In c o rp o ra tin g  these re a c tio n s .
Betlcr d e fine d  op tim a l enzyme assay c o n d itio n s  are req u ire d  fo r  
the seq u e n tia l system. I t  would a K o  bv a p p ro p ria te  to  In v e s tig a te  i f  
excess BrdUTP a f fe c ts  the a c t iv i t y  o f  RNA polymerase. B e tte r 
c h a ra c te r iz a tio n  o f  the DNA polymers {DNA1) syn thes ized would be 
fa c l 1 i t i l le d  by the use o f  r a d io a c t iv e ly  la b e lle d  BrdUTP.
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Any fu tu re  experim ents using th is  s e q u e n tia l system should take 
in to  account the p o s s ib le  fo rm a tio n  o f an Enzyme-(dA-BrdU)-ATP-UHP 
complex. Theusp o f  (Y -^2P)ATP as a c o n tro l fo r  the la b e l l in g  o f  the 
complex would enab le a d is t in c t io n  to  be made between the measurement o f 
the po iy(A -U ) pro du c t and the pro du c t o f  BrdUrd in h ib i t io n ,  i . e .  the 
complex. The d is s o c ia t io n  o f th is  complex may be f a c i l i t a t e d  by 
in c re a s in g  the tem perature to  above 37°C a f te r  the normal incu ba tion  
p e r io d  has been com pleted. The complex may a ls o  be d ig es te d  by enzyme 
d ig e s tio n  o f the p ro te in  f"NA polym erase).
A s tudy o f the tra n . . ip t io n  o f a homopolymer o f BrdU u n its  should 
a lso  be made be fo re  conclusive evldunce in  support o t  the hyp othes is  o f 
th is  in v e s t ig a t io n  r.an bo o b ta in e d . Such a polymer cou ld  p o s s ib ly  be 
syn thes ized from a homopolymer o f  p o ly (d A ).
Many k in e t ic  experim ents cou ld  be devised which m ight r e s u lt  in  
in te r e s t in g  comparisons between the two m ajor p o ly n u c le o tid e  syn th e s iz in g  
enzymes, namely DNA polymerase and RNA polymerase. For example a 
com parative s tudy o f  the b in d in g  constants  o f  these enzymes fo r  BrdUrd 
s u b s t itu te d  DNA tem plates cou ld be untlorLaki'n .
131.
rtcuRcmrKws
DNA d e o xy r ib o n u c le ic  ac id
RNA r ib o n u c le ic  ac id
DNA polymerase D eoxyribonucteoside crip ho sph a le :
DNA de oxyn u c le o tId y1 tran s fe ra se  
RNA polymerase RIbonuc1 cos ide  tr ip h o sp h a te  : RNA n u c le o tid y l
tra n s fe ra se  (DNA-dcpcndant RNA polymerase) 
dA 2 1-deoxyr ib o sy1aden ine
dT 2 '-d e o x y rIb o s y ! thymine (thym id in e)
TdR thym id ine
SrdUrd 5 -Bromo 2 '-d e o x y r ib o s y lu r id in e
FdUrd 5 -F lu o ro  2 l -d e o x y r lb o s y lu r ld in e
dATB 2 '-dcoxyadenosine 5 1■tr ip h o s p h ‘ te
dTTP 2 ' -deoxythym ld ine S '-t r ip h o s p h o te
dGTP 2 ‘ -deoxyguanosi ne 5 1 - 1r iphosphate
dCTP 2 '-d e o x y c y tid in e  5 1- tr ip h o s p h a te
dUTP 2 l -de oxyu r!d ine  5 ' * tr iph osp ha te
HrdllTP 5 -Bromo 2 l -d e o x y u rid in c  5 ' - tr ip h o s p h a te
BrdUDP 5 -Bromo 2 l -d e o xyu rld in e  5 1-d I phosphate
BrdUMP 5 -Bromo 2 '-d e o x y u r id in e  5 ' -monochosphate
BrdCTP 5 -Bromo Z '-d o o x y c y tid in e  5 '- tr ip h o s p h a te
po ly(dA-dT) Assoc iated a lte r n a t in g  copolymers o f
2 1-deoxyrIbosy laden Ine and 
2 1-d e o xy rIb o sy1 thymine 
p o iy (d A -dT ).p o iy (dT -dA ) 
poly(dA-BrdU ) Assoc iated a lte rn a t in g  copolymers o f
2 '-d e o xy rib o sy la d e n in e  and 5 '-Bromo 2 ' -
d e o x y rIb o s y lu rid ln c
po ly(dA -B rdU ).po ly(B rdU -dA )
132.
ATP Adenosine S '-t r io h o s p h a te
DTP U rid in e  5 ‘ - t;[p h o s p h a te
po ly(A -U ) Assoc iated a lte rn a t in g  copolymers o f adenine
po ly (A -U ).p o iy (U -A ) 
p o ly iA ) Simple homopolymer o f  adenine
po ly(U ) Sim ple homopolymer o f u r id in e
po ly(A ) .p o iy (U ) Assoc iated p o ly (A ) and po ly(U )
T r is  ^-am ino -2-hydroxymethy 1 propane 1,3 -d io l
ETSH 2-mercaptoetHanoi
EDTA E th y le n e d ia m ln e te tra -a ce ta te
BSA Bovine serum albumin
TCA t r ic h lo r o a c e t ic  ac id
PPO 2 ,5 'd lp h e n y lo xa zo le
POPOP d im ethy l P0P0P-1 , i | -b i  s - 2- ( i|-m e th y I-S 'p he ny loxa -
zo ly l)-b e n zcn e
U3.
REFERENCES
! .  A b b o tt, J . , and H o itz e r ,  H. (1$68a). P roc. N at. Acad. S c!. U.S.A.
5£, 111.1..
2. A b b o tt, J . , and H o itz e r ,  H. ( 1968b) In Ursprung, H ., ed.
The s t a b i l i t y  o *  the D if fe r e n t ia te d  S ta te . P. 1. S p rln ge r-V e rla g  
New York.
3. A b b o tt, J . , Mayne, R ., and H e f t ie r ,  H. (1972 ). Develop B io l . ,  28, 430.
4. Anderson, H .C ., Cnacko, S . , A b b o tt, J . , and H o itz e r , H. (1970).
Amer, J . P a th ., 60, 289.
5. Bautz, E .K .F ., (1967) In : T a y lo r, J .H .,  ed. M olecu lar G enetics P a rt I I
p .213 Academic Press, New York.
6. Becker, A , ,  and H u rw itz , J . (1971) • In Davidson, J .N .,  and Cohn, W.E.
e d s ., Prog, N u c le ic  Acid Res. H o i. B io l , JJ_, 423.
7. Berg, D ., B a r r e t t ,  K ., and Chamberlain, M. (1971). In : Grossman L.
and M oldave, K. e d s ., Methods in  Enzymology, 210, 506.
8. Berg, P . , Kornbcrg , R .D ., Fancher, H . , and Dieckmann, M. (1965).
B lochem ., Blr.; h ys . Res. Common, ,  J_8, 932
9. Berkowi t z ,  A . , Simon. E .A ., and T o l iv e r ,  A. ( 1968) .  E x p t l . C e ll 
R es., 53, 497.
10. Bessman, M .J. (1963 ). In  : T a y lo r , J .H .,  ed. M olecu lar Genetics P a rt 1.
p. I .  Academic P ress. New York.
11. Bessman, M .J ., Lehmann, I .R . ,  A d le r , J . ,  Zimmerman, S .B ., Simms, E.S.
and Kornbcrg , A. (1958) . Proc. Nat. Acad. S c i. ,  U .S .A ., Wt_, 633.
12. B is c h o ff ,  R ., (1 9 7 ') .  E x p t l . C e ll Res. 66, 224.
13. B is c h o ff ,  R . , and H o ltz o r , H. (1968). A n a l. Roc. J_60, 317.
14. B is c h o ff ,  R ., and H o tU e i,  H. (1970). J . C e ll .  B io l.  44., 134.
15. B r i t te n ,  R .J . ,  and Davidson, E.H. (1969). Science, 165. 349.
16. B r i t te n ,  R .J., and Kohne, D.E. (1968 ). Science, 261., 52?.
134.
17. Bo!lum , F .J . (1959). J - B io ) .  Chem., 234, 2733.
18. Burgess, R.R. (1969). J . B io l . Chem., 244, 6)60.
19. Burgess, R.R. (1971 ). Ann. Rev. Blochem., 40, 711.
20. Burgess, R .R ., T ra ve rs , A.A., Dunn, J .J . ,  and Baulzz, E .K.F. (1969). 
N ature, 2JU_, 43.
21. B u rton , K., and Pe te rsen, G.B. ( i9 60 ). Biochem. J . 75, 17.
22 . C ham berlin, H . , Ba ldw in, R .L ., and Berg, P. (1963). J . M ol. B io l . ,
7 , 334.
23 . C ham berlin, M ., and Berg, P .  (1964 ). J . M ol. B io l . ,  £[, 297-
24 . Chamber!In, M .J. (1967), In : C an ton l, G .L ., and Davies, D.R.
Procedures In  N uc le ic  Acid Research, p. 513. Harper and Row In t .
25 . Cheong, I . , R ich , M .A ., and E id in o f f ,  M .L. ( I9 6 0 ) . J . B io l.  Chem. 
125. 1441
26 . Coleman, J .R .,  and Coleman, A.W, (1968). J . C e ll.  P h y s io l. ,  72 
Supp l. 1 . ,  19.
2 7 . Coleman, J .R . , Coleman, A.W, and H a r t l in e ,  E .J .H . (1969).
Develop. B io l . ,  J9,' 527•
2G . Coleman, A .W ., Coleman, J .R . , Kenke), D ., and W erner, I ,  (1970).
E x p t l.  C e l l .  R es., 59, 319.
2 9 . Darnel 1, J .E . ,  Phi IIp s o n , L . , W a ll, R ., and Adesn ik, M, (1971) •
S cience, 174, 507.
30 . Davidson, J .N . (1969). The B io che m istry  o f  the N uc le ic  A c id s ,
6 th  E d it io n . Methuen 6 Co. L im ite d , London.
3 I. Davidson, J .N . (1972). Tlic B io che m is try  o f  the N uc le ic  A c id s , 7th
E d it io n , Chapman and H a il ,  London.
32. Dunn, D ,B ., and Sm ith, J.D . (1954). N atu re , 174, 305.
33. E id in o f f ,  M .L ,, Cheong, L . , and R ich, M.A. ( 1959) .
Science, U 9 , 1550.
13b.
3I1. Fabian, B. , and W il t ,  F. (1973 ). Ocvclop. B io l . ,  32, 92.
35. Freese, E. (1959). J . Mol. B i'o i. j , ,  87.
36. Freese, E. (1963 ). In : T a y lo r, J .H .,  ed. M o lecu la r G enetics
P a rt 1, p . 207. Academic P ress, New fo rk .
37. G e fte r, M .L ., H iro ta , Y. , Kornberg, T . , V e ch s le r, J .A . ,  and Barnoux,
C. (1971 ). P roc. N at. Acad., Science, U .S .A ., 68 , 3150.
38. G n n tch a ro ff, H ., and M azia, D. (196? ). E x p tl. C e il R es., ji6_, 315-
39. G o u llan , M. (1971). Ann. Rev. Biochem., Ao, 855.
40. Greene, R ., and Korn. 0 . ,  (1970). J . B io l.  Chem., 245, 254.
41. Grunberg-Manago, M ., and S p rin g e r, M. (1971 ). Personal Communication,
In s t i t u t  de B lo lo g le  Physico-Chemique, Rue P ie rre  e t M arie C u rie , P a ris .
42. G u ii le ,  E . , and Q u e tie r, F . , (1973). In  : B u t le r ,  J .A .V .,  and N oble, 0.
eds. Progress in  B iophys ics  and M olecu lar B io lo g y  27., 121. Pergamon
■43. Haka la, M.T. (1959). J . B io l.  Chem., 234, 3072.
44. Hanawalt, P.O. (1967 ). In Grossman L . , and M oldave, K . , eds. Methods 
In  Enzymology, 12a, 702.
45. Haut, W.F, 1 and T a y lo r , J .H . (1967). J . M o l. B io l.  26, 389.
46. H oltzhausen, H .S ., Chacko, S ., Davidson, E .A ., and H o ltz e r ,  H. (1969).
Proc. N at. Acad. S c l . U .S .A ., 63., 864.
47. H u rw itz , J . ,  F u r th , J . J . ,  Anders, M. O r t iz ,  P. J . and August, J .T .
(1961). Cold S pring Harbor Symp. Quant. B io l . ,  26 ,^ 91.
48. Ikeha ra , M ., and U esugl, S. (1969). Chem. Pharm. B u l l . ,  JJ., 348.
49. Ingram, V .M ., Chan, L .L . ,  Hagopian, U .K ., L ip p kc , J .A .,  and Wu, L . ,  
(1974) Develop. B io l . ,  36 , 411.
50. Iraian, fi.B .,a n d  Ba ldw in, R.L. (1962). .1. M ol. B io l . ,  5.' 172.
51. Jones, T .C . and Dove, W.F. (1972). J . M ol. B io l.  64.i 409.
52. J o v ln , T .M ., Ehglund, P .T . , and B o rtsch , L .L . (1969). J . B io l.C hem ., 
244, 2996.
?36.
53. K a jlw a ra , K . , and M u o llc r , G.C. (1964) . B lochlnt. Biophys. Acta,
21. W-
54. Kornberg, A . , Lehman, I .R . ,  Bessman, H .J . ,  and Simms, E.S. (1956) 
Biochtm . Biophys. A c ta , 2J_, 197-
55. Kornberg, A . , and R usse l, A .F, ,  (!971) • Personal Communication, 
S tan ford  U n iv e rs ity ,  S ta n fo rd , C a l i fo rn ia ,  U.S.A.
56. Kornberg, T ., and G e fte r, M . l .  (1971 ). P roc. Mat. Acad. S c l. U.S.A. 
68, '/61.
57. K o tz in , L .B .,  and Baker, R .F. (1972). J . C e ll .  B io l. ,  55, 74.
58. Koyama, H ., and Ono, T . (1971)• J - C e l l .  P h y s io l. ,  78, 265.
59. Krakow, J .S . ( 1968) .  Blochim . Biophys. A c ta , J_6£ , 459.
60. Krakcw, J .S . ,  and F ronk, E. (1969). J . B io l . Che.n., 244, 5988,
61. Lasher, R., and Cahn, R.D. ( 1969) .  Develop. B io l . ,  29., 415.
62. Lehman, I .R . ,  Bassman, H .J . ,  Simms, E .S ., and Kornberg, A. (1958).
J . B io l.  Chem., 233, 163.
63. L I U ,  H ., t i l l ,  U ., S ip p e i, A . , and Hartmann, G. (1970).
In  : S l l v e s t r i , L . , ed. F i r s t  Lepeti t  C olloquium  on RNA polymerase 
and T ra n s c r ip t io n  p .55- N orth H olland P u b lish in g  Co. Amsterdam.
64. L in ,  S .Y ., and R iggs, A.D. (1971). Biochcm, O lophys. Res. Commun.,
45 . 1542.
65 . L in ,  S .Y ., and R iggs, A .D. (1972). P roc. N at. Acad. S c l. U.S.A.
69, 2574.
66 . L I t t i e f f e l d ,  J.W., a " . ' Gould, E.A. ( i9 6 0 ) ,  J . B io l.  Chem., 235, 1129
67 . Lowry, O .H ., Rosebrough, N .J . ,  F o rr , A .L . ,  and R an da ll, R .J. (1951)• 
J . B io . Chem., 193, 265.
68 . M a itra , U ., Cohen, S.N. and K u rw ltz , J . ( 1966) Cold Spring Harbour 
Symp. Quant. B io l . ,  113.
69 . Markham, R. (1971) • Personal CoimmmlcotIon, John Innes In s t i t u t e ,
Norwich, N o r fo lk ,  England.
137.
70. Hayne, R ., A b b o tt, J . ,  and H o ltz e r ,  H. (1973). E x p tl. C e l l .  R es., '
77, 255. |
71. Mayne, R ., Sanger, J .W ., and H o ltz e r ,  H. (1971). Develop. B io l . ,  j
25, 547. )
72. M azia, D . , and G o n tch a ro ff, M. (3964). E x p tl. C e ll.  R es., 22.> t
73. M eselson, M., and S ta h l, F.W. (1958 ). P roc. N at. Acad. S c i. U.S.A. ;■
A4, 671.
7 L  M lu ra , Y . , and W il t ,  F .J . (1971 ). J . C e l l . B io ! . ,  48, 523-
75. Morgan, A.R. (1970 ). J . M o l. B io l . ,  52., 441. ;
76. Nakamoto, T . , Fox, C .F ., and W eiss, 5 .8 . (1964). j .  B io l . Chem.,
119, 167.
77. O kazak i, T ., and Kornberg, A. (1964). J . B io l.  Chem., 239, 259.
78. Radding, C.M. and Kornberg, A. (1962). J . B io l . Chem., 237, 2877.
79. R ichardson, C .C ., S ch iId k ra u u , C .L ., Aposhian, H .V., and Kornberg A.
(1964). J . B io l.  Chem., 2 ]9 , 222.
80. R ile y , M., and Paul, A. (1971) ■ B io c h e m is t r y ^ ,  3819-
81. Schachman, U .K ., A d le r , J . , Radding, C.M. Lehman, I .R . ,  and 
Kornberg, A. (I960) J.  B t o l . Chem., 235, 3242.
8 2 . S e l fa r t ,  K .H ., (1970). In  SI I v e s t r i , L . , ed. F i r s t  L e p e t i t  Colloquium  
on RNA Polymerase and T ra n s c r ip t io n , p. 233. N orth H olland P u b lish in g  
Company, Amsterdam.
83. Setlow , P . , B ru t la g , D ., and Kornberg, A. (1972). J . B io l . Chem.,
247. 224.
84. S h e ld rlc k , P. and S z y b o ls k l, W. (1967). J . M ol. B io l . ,  29., 217.
85 . Shepherd, J .B ,, and K e lr ,  H.M, (1966), Blochem. J . ,  99_, 443.
86. S i la g l ,  S. and Bruce, S .A. (1970). P roc. N at. Acad. S c l . ,  U.S.A.
66, 72.
87 . Simon, E.H. (1963 ). E x p t l . C e l l .  R es., 9,. Suppl. 26 ].
138.
88. S m e ltfe , R.M.S. (1965 ). 8 H t .  Mrd. B u l l . ,  21_, 195.
89- Sm ith, O .A ,, R a te d fF , R .L ., Wl i 1 isms, D .L ., and M artine z , A.M. 
(19 o7 i. J . B io l.  Chem., 242, 590.
90. Sm ith, J .D . (1969 ). In Grossman, L . , and M oldave, K, eds.
Methods In Enzymology, 12A, 350.
91. Sm ith, M .,and Khorann, H.G, (1958). J . Amer. Chem. S o c ., 80, 1148.
92. S ta h l, F.W., Craseman, J .M., Okun, L , , Fox, E., and L a ird , C. (1961) 
V iro lo g y  13 , 98.
93. S te llw agen, R.H., and Tom kins, G.M. (1 9 7 (a ). J . M ol. B io l . ,  56, 167.
94. S te llw agen, R.H., and Tomkins, G.M. (1971b). Proc. N at. Acad. S c l.
U.S.A. 68, 1147.
95. S tockd a le , F . , Okazaki, M ., NameroFf, M ., and H o ltz e r , H. (1964). 
Science j_46_, 533-
96. Sueoka, N. ( 1961) .  J , M ol. B io l . ,  3.. 31.
97. S zyb a lsk l, W. (1962). The M olecu lar ba s is  o f  Neoplasia p .47
U n iv e rs ity  o f  Texas P ress, A u s tin , Texas.
98. S zyb a lsk i, W ., K u b in s k i, H . , and S h e id ric k , P. (1966).
Cold Spring Harbour Symp. (luant, B io l . ,  3J., 123-
99. T a y lo r, J.H . ( 1966) .  In  Cowdry, E.V., and Seno, S. eds.
N uc le ic  Acid M etabolism  C e ll D if fe r e n t ia t io n  and Cancer Growth, 
p. 231. Proc. o f  the Sec. In t .  Symp. fo r  C e ll Chcm. Ohtsu 
1966. Pergamon Press,
100. T o l iv e r ,  A .,and Simon, E.H. (1967). F .xp tl. C e l l .  R es., 4£, 603.
101. T o l iv e r ,  A . ,  Simon, E .H ., and G iilm m , P .T . (1968).
E x p t l . Cel I Res. ,  53., 506.
102. T ra u tn e r, T .A . ,  Sw artz, M .H ., and Kornbcrg , A. (1962).
P roc. Not. Acnd. S c l. ,  U.S.A. 48, 449,
103- T u rk ln g to n , R.W., Majumder, G .C ., and R id d le , M. (1971)
J . B io l.  Chem., 246, I8 l4 .
J
139.
IQ jf. Wake, R.G., and B a ldw in , K .L . (1962). J . M ol. B io ) .  5., 201.
105. W althe r, B .T ., P lc to t ,  R .L . , D avid, J .D .,  and R uLter, W .J. (197^) 
J . B i d .  Chem., 249, 1953.
106. Watson,. J .D . (1965 ). M o lecu lar B io lo gy  o f  the Gene.
W.A. Benjamin, In c . New York.
107. Watson, J .D ., and C ric k , F.H .C . (1953a). N ature, 171, 964.
108. Watson, J .D ., and C ric k , F.H.C. (1953b). Cold Spring Harbor Symp. 
Quant. B io l . ,  123.
lo g . W em traub, H ., Campbell, G.L., and H o ltz e r ,  H. (1972).
J . M ol. B i d . ,  70, 337.
110- Weiss, S .B .,and G ladstone, L. (1959 ). J . Amer. Chem. Soc.,
_8L, 4118.
111.. W il t ,  F .H . (1973). Proc. Nat. Acad. S c ! . ,  U.S.X. 70, 2345.
112- W il t ,  F.H., and Anderson, M. (1972). Develop. B io l . ,  28, 443.
113. W ra th a ll, J .R .,  O l iv e r ,  C ., S i la g i ,  S. and Essner, E. (1973).
J . Cel I C i d . ,  57, 406.
11 4 . Zimmerman, B,K. (1966 ). J , B io l.  Chem., 241, 2035.
Author Dyne Marlen
Name of thesis 'in Vitro' Studies On The Effect Of 5-bromodeoxyuridine On Cell Differentiation. 1975 
PUBLISHER:
University of the Witwatersrand, Johannesburg 
©2013
LEGAL NOTICES:
Copyright Notice: All materials on the Univers i ty  of the Witwate rs rand,  Johannesburg L ibrary website 
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise 
published in any format, without the prior written permission of the copyright owner.
Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or 
educational non-commercial use only.
The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.
